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FORE WORD 

T h i s  i s  volume t h r e e  of a three-volume se t  of documents  compr i s ing  
the f inal  r e p o r t  of a study to  define the des ign  of a space  probe  a l t i m e t e r .  
T h e  documents  of t h i s  s e t  include the following: 

1 .  Des ign  

a. Detai led Conceptual Des ign  
b.  Drawings  
c .  Growth Potent ia l  

2. Developmental  P l a n  

a. P r o j e c t  Planning Network 
b.  Manufacturing P l a n  
c .  Envi ronmenta l  T e s t s  P r o g r a m  P l a n  
d.  F l igh t  T e s t  Qualification P l a n  
e .  Fac i l i t i e s  P l a n  
f .  P r o j e c t  Funding P l a n  

Rel iabi l i ty  and  Quality A s s u r a n c e  P l a n  

a. Reliabil i ty and Qual i ty  A s s u r a n c e  
b. P r e d i c a t e d  Effec ts  of S te r i l i za t ion  

3 .  

T h i s  study w a s  conducted by T e x a s  I n s t r u m e n t s  Inco rpora t ed  
Appara tus  Divis ion f o r  the National Aeronailt ic s a n d  Space Admin i s t r a t ion ,  
Langley  R e s e a r c h  C e n t e r ,  Langley Stat ion,  Hampton ,  Vi rg in ia ,  under 
Con t rac t  Number  NAS 1-5954, from M a r c h  1966 to  November 1966. 
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DEVELOPMENT AND PRODUCTION O F  A SPACE PROBE ALTIMETER 

P r e p a r e d  by Texas  Ins t rumen t s  Incorpora ted  
Appara tus  D iv is ion 

13500 North C e n t r a l  Expres sway  
Dal las ,  Texas  75222 

SUMMARY 

Texas  Ins t rumen t s  Incorporated has  p r e p a r e d  a detai led conceptual  
des ign  f o r  a n  a l l  solid-state space  probe  r a d a r  a l t i m e t e r .  Th i s  r e p o r t  
p rovides  a p re l imina ry  rel iabi l i ty  and quality a s s u r a n c e  plan.  Other  NASA 
p r o g r a m s  in p r o g r e s s  a t  Texas  Ins t rumen t s  a re  r e fe renced  as exis t ing 
compat ib le  capabi l i t i es .  

A c u r r e n t  re l iab i l i ty  e s t i m a t e  of the des ign  is included. T h e  probabi l i ty  
of success fu l  opera t ion  of the a l t i m e t e r  d e s c r i b e d  i n  th i s  r e p o r t ,  dur ing  a 
one-half hour  letdown t o  landing on the  planet  M a r s ,  is e s t i m a t e d  to  be 
0.999982. 

INTRODUCTION 

Texas  Ins t rumen t s  Incorpora ted  has  b e e n  engaged by the National 
Aeronaut ics  and  Space Adminis t ra t ion ,  Langley R e s e a r c h  Cen te r  (NASA, 
LRC) to  p e r f o r m  a s tudy to  define the  des ign  of a space probe  altimeter. 
T h i s  plan has  been p r e p a r e d  i n  r e sponse  to  P a r a g r a p h  6 .4 .2  of S ta tement  
of Work  f o r  Study to  Define the Design of a Space P r o b e  A l t i m e t e r ,  L-6050, 
dated 19 August 1965, and  p r e p a r e d  by Langley R e s e a r c h  C e n t e r ,  Langley 
Station, Hampton,  Virginia .  The  plan p r e s e n t s  a c u r r e n t  re l iab i l i ty  ana lys i s  
and  provides  fo r  con t ro l  of re l iabi l i ty  and  quality a s s u r a n c e  dur ing  the 
following phases .  

a. Design 
b.  Product ion  (10 Units) 
C .  

d. Fl ight  T e s t  P r o g r a m  
Qualification T e  s t P r o  g ram 



This  plan is developed f r o m  the following NASA publ icat ions:  

Rel iabi l i ty  Publ icat ion NPC 250-1 , July 1963 edi t ion 
Quality Publ icat ion NPC 200-2 , A p r i l  1962 edi t ion.  

Y 

Under the r equ i r emen t s  of NPC 250-1 , P a r a g r a p h  2 . 2 ,  t h i s  plan is cons ide red  
to  be a p re l imina ry  plan. Poss ib l e  r ev i s ions  a r e  an t ic ipa ted  before  the con-  
t r a c t u a l  o r  f inal  plan is evolved.  During one of t hese  r e v i s i o n s ,  the plan wi l l  
be divided into s e p a r a t e  re l iab i l i ty  and  quality a s s u r a n c e  p lans  t o  confo rm 
with Texas  Ins t ruments  s t a n d a r d  opera t ing  p r o c e d u r e s  and  d iv is ions  of 
authori ty  as  del ineated i n  Appendix B. 

P r o g r a m  Management  

Texas  Ins t ruments  has  a c l e a r l y  ident i f ied g roup  within its organiza t ion  
which is respons ib le  to  management  f o r  the execut ion of the re l iab i l i ty  p r o -  
gram. Although the accompl ishment  of many  of t he  planned re l iab i l i ty  t a s k s  
a r e  not the l ine responsibi l i ty  of the cognizant re l iab i l i ty  eng inee r ,  a n d  wi l l  
b e  p e r f o r m e d  by o ther  e l emen t s  within the company,  he  wil l  moni tor  t hese  
t a sks  and  e n s u r e  that  a l l  a r e  accompl ished  ef fec t ive ly .  He wi l l  b e  de lega ted  
f u l l  au thor i ty  t o  d ischarge  th i s  respons ib i l i ty ,  wi l l  have d i r e c t  unimpeded 
a c c e s s  to  top management ,  and  wi l l  devote  f u l l  time to  th i s  effor t .  

.' 

Management con t ro l s ,  such  as  P E R T ,  GANTT, and  mi l e s tone  c h a r t s  , 
wil l  be included in l a t e r  r ev i s ions  a f t e r  NASA's r e q u i r e m e n t s  have been  
made  known. 

R e 1 ia b i 1 it y Re qui 1- e me n t s 

The re l iab i l i ty  r e q u i r e m e n t s  a r e  not spec i f i ed  as  a f a i l u r e  r a t e ,  M T B F ,  
o r  probabi l i ty  of m i s s i o n  s u c c e s s .  A probabi l i ty  of m i s s i o n  s u c c e s s ,  including 
30 minutes  of ac t ive  opera t ion  during the e n t r y  of the  Mar t i an  a t m o s p h e r e ,  
w a s  a r b i t r a r i l y  a s s igned  t o  b e  at  l e a s t  0 .9999,  with 0.99999 cons ide red  a n  
achievable  goal .  

The  Work  Sta tement ,  L-6050, does  spec i fy  the g e n e r a l  m i s s i o n ,  but  
i t  does  not provide s y s t e m  envi ronmenta l  e s t i m a t e s  f o r  the m i s s i o n .  S t e r i l i za -  
t ion r equ i r emen t s  a r e  specif ied.  Miss ion  and  o the r  envi ronmenta l  r e q u i r e -  
men t s  w e r e  a s s u m e d  t o  b e  equivalent t o  that  of M a r i n e r  M a r s  1969,  up to  
landing approach ,  as  s e t  f o r t h  i n  Jet  P ropu l s ion  Labora to ry  (JPL) document  
ent i t led " P r e l i m i n a r y  I s sue  2D0800 P r o j e c t  Document  9 2  M a r i n e r  M a r s  1969 
Spacecraf t  Sys tem Env i ronmen ta l  E s t i m a t e s ,  1 1  dated  15 July 1966. 



ri i 
I S  

It i s  a s s u m e d  that  t he  descent  t o  M a r s  wi l l  b e  approx ima te ly  equivalent  
t o  the  launch s t r e s s e s  with the  exception of t e m p e r a t u r e .  The  env i ronmen ta l  
s t r e s s e s  desc r ibed  in  following p a r a g r a p h s ,  that  contain a s t e r i s k s  below, 
w e r e  a s s u m e d  by Texas Ins t rumen t s .  Five expl ic i t  env i ronmen t s  a r e  ant ic ipated 
du r ing  the  l ife of a s y s t e m .  These  are: 

a .  
b. 

C .  

d. 
e .  

St e r i l iz a t  i o n ( no n -operat ing ) 

and  non-operat ing)  
:::Prelaunch spacec ra f t  main tenance  and  handling (both opera t ing  

:::Launch (no n -ope rat ing)  
:::Free fl ight deep  space  (non-operat ing)  
:::Mars a p p r o a c h  with e n t r y  of a t m o s p h e r e  and  dece le ra t ion  

(opera t ing) .  

S te r i l i za t ion  (non-operat ing) .  -The components  s h a l l  be capable  of 
s a t i s f ac to ry  opera t ion  after complying with s t e r i l i za t ion  r e q u i r e m e n t s  as  set  
f o r t h  in J e t  P ropu l s ion  Labora tory  document  en t i t l ed  "Env i ronmen ta l  Specifi-  
ca t ion  Voyager  Capsu le  F l igh t  Equipment  Type  Approval  & Fl ight  Acceptance  
T e s t  P r o c e d u r e s  f o r  the Heat  S te r i l i za t ion  & Ethylene  Oxide Decontaminat ion 
Env i ronmen t s .  1 1  T h e  maximum t e m p e r a t u r e  spec i f i ed  t h e r e i n  is 135°C with 
the equipment  non-ope ra t ing .  

P r e l a u n c h  s p a c e c r a f t  main tenance  and  handling (both opera t ing  and  
non-operat ing) .  -It is a s s u m e d  that each  s y s t e m  wi l l  be hand c a r r i e d  dur ing  
all t ranspor ta t ion .  Vibrat ion during check-out  a n d  ins ta l la t ion  should not be 
s ig nif ic a nt . 

Shock expe r i enced  by a s s e m b l i e s  dur ing  handling usually o c c u r s  when 
a n  a s s e m b l y ,  without pro tec t ive  packaging, is dropped  on a w o r k  bench o r  
tab le .  T h e s e  d rops  c a n  o c c u r  f r o m  v a r i o u s  posi t ions.  The  posi t ion tha t  
d e l i v e r s  the m a x i m u m  shock  is when one point of the a s s e m b l y  is p laced  i n  
contac t  with the  tab le  a n d  the a s s e m b l y  is re leased f r o m  a 45-degree  
i nc li nat io n . 

It i s  expec ted  that  the  t e m p e r a t u r e  env i ronmen t  f o r  the s p a c e c r a f t  
equipment  dur ing  g round  opera t ions  wi l l  be  we l l  cont ro l led .  Severe t e m p e r a  - 
t u r e s  o r  t r a n s i e n t s  a r e  unlikely provided p r o p e r  precaut ions  are  taken .  A n  
e s t i m a t e  of the  envi ronment  during t h e s e  ope ra t ions  is t e m p e r a t u r e s  ranging 
f r o m  4" t o  38°C  with t r a n s i e n t s  of 5 . 6 " C  p e r  hour  o r  less.  The  equipment  
may be operat ing o r  non-operating dur ing  e x p o s u r e  t o  th i s  env i ronmen t .  

3 



Launch (non-operat ing) .  -The equipment  wi l l  not b e  opera t ing  a n d  wi l l  
be p ro tec t ed  f r o m  e x t e r n a l  rad ia t ion  by the s t e r i l i z a t i o n  c a n i s t e r .  Significant 
envi ronmenta l  p a r a m e t e r s  wil l  be: 

a .  

b .  

Low frequency s ine  vibrat ion-1.0 g peak  ax ia l ly ,  0 . 7  g peak  
l a t e ra l ly ,  2 .5-160 Hz,  s h o r t  dura t ion .  
Random vibrat ion-0.028 g 2 / H z ,  flat 350 t o  750 Hz, 13 dB/oc tave  
roll-off above 750 Hz,  6 dB/oc tave  rol l -off  350 to  225 Hz,  f la t  
0 .01  g2 /Hz  225 t o  105 Hz,  less than  10  seconds .  

and  separa t ion .  
Pyro technic  shock-200 g t e r m i n a l  peak sawtooth,  0 . 7  t o  1 ms 
d u r a  tion during s pace  c raft V -Band s epa  rat ion. 

1 0  seconds .  

r a d / s e c 2 ,  0 .14  second.  
Static acce lera t ion-nominal  5 . 6  g ax ia l ly .  

C .  T rans i en t  vibrat ion-at  engine ignit ion a n d  cut -off, s taging , 

d. 

e .  Accoust ic  noise-143 d B  ove ra l l ,  shaped  s p e c t r a ,  less than  

f .  To r s iona l  vibration-69 Hz modula ted  s i n e  wave pulse  , 154 

g.  

F r e e  flight deep  space  (non-operat ing) .  -Vibration and  shock wil l  not 
be  s ignif icant .  The t e m p e r a t u r e  i s  p red ic ted  t o  r e m a i n  between 1 0 "  a n d  21°C.  

M a r s  approach  with e n t r y  of a t m o s p h e r e  and  dece le ra t ion  (opera t ing) .  - 
The  a l t i m e t e r  will b e  mounted behind the ab la t ive  heat  sh ie ld .  It wil l  be 
subjec t  to  a rap id  heat  r i s e  as  the capsule  is d e c e l e r a t e d  by the Mar t i an  
a t m o s p h e r e .  T h e r e  wil l  a l s o  be about 14 wat t s  dc of s e l f  heating due t o  
opera t ion .  The  max imum t e m p e r a t u r e  wi l l  be a funct ion of its t h e r m a l  t i m e  
cons tan t  a n d  the  net i n t e rna l  heat.  It is e s t i m a t e d  tha t  the  a l t i m e t e r  wi l l  not 
exceed  55°C during th i s  per iod .  

At  a p r o g r a m m e d  al t i tude the  a l t i m e t e r  wi l l  c a u s e  a pa rachu te  t o  b e  
deployed. When the parachute  opens , the  ab la t ive  hea t  sh ie ld  wi l l  s e p a r a t e  
and  the a l t i m e t e r  wi l l  b e  lowered  t o  a point w e l l  below the landing capsu le .  
The  a l t i m e t e r  will  continue t o  p e r f o r m  its a l t i tude  m e a s u r i n g  funct ion until 
j u s t  p r i o r  t o  landing. In the  extended posi t ion,  a cooling t h e r m a l  shock  wi l l  
b e  exper ienced .  

Mechanical  shocks  wi l l  be expe r i enced  when the  a t m o s p h e r e  is 
encountered ,  when the parachute  is deployed, when the ab la t ive  hea t  sh i e ld  
is s e p a r a t e d ,  and probably  when the a l t i m e t e r  is lowered .  The a l t i m e t e r  
wi l l  have s e r v e d  i t s  purpose  be fo re  it impac t s  on M a r s .  

The  r a p i d  su r face  and  in t e rna l  heating followed by the t h e r m a l  shock  
t o  s u r f a c e  cooling is the s t r e s s  cycle  m o s t  l ikely t o  c a u s e  re l iab i l i ty  p r o b l e m s ,  
if t h e r e  a r e  to be any.  -* 



Descr ip t ion  of Design 

d 

Genera l .  -The r a d a r  a l t i m e t e r  which has  evolved during the  s tud ie s  of 
P h a s e s  I a n d  I1 is a n  e lec t ronica l ly  scanned  r a d a r .  It u ses  a n  r f  building 
block (RFBB)  concept  designated by the a c r o n y m  MERA (Molecular  E lec t ron ic  
f o r  Rada r  Applicat ions)  and  semiconductor  in tegra ted  c i r c u i t s  ( IC ' s )  t o  
achieve  a t ru ly  sol id-s ta te  r a d a r .  

F i g u r e  1 is a funct ional  block d i a g r a m  of the a l t i m e t e r .  The  16 R F B B ' s  
a r e  connected in  a highly redundant p a r a l l e l  configurat ion but a r e  individually 
phase  cont ro l led  to  provide the e lec t ronic  s c a n  in both x and  y p lanes .  Any 
two R F B B ' s  m a y  fail without excess ive  degrada t ion  of the r a d a r ' s  p e r f o r m a n c e .  

The I C ' s  a r e  comple te  functional c i r c u i t s  buil t  into s i l i con  semiconductor  
ch ips .  Ma te r i a l s  and  technologies used  have e s t ab l i shed  re l iab i l i ty  in  both 
d i s c r e t e  p a r t s  a n d  in  o the r  semiconductor  networks.  The semiconductor  s u b -  
s t r a t e s ,  the ep i tax ia l  p lanar  p r o c e s s ,  the v a p o r  deposi t ion of contac t  and  
conductor  g e o m e t r i e s  and  the compatible  me ta l - to -me ta l  bonding s y s t e m s  a re  
known t o  b e  s t ab le  in  the  expected envi ronment .  

The  MERA concept  combines the IC technique with the thin film technique 
t o  produce a n  X-band, 9-GHz t ransmit ter / receiver /duplexer .  S t r ip l ine  con-  
d u c t o r s ,  g round p lanes ,  and  pass ive  components  a r e  f ab r i ca t ed  by th in  film 
p r o c e s s e s  on c e r a m i c  m a t e r i a l  0 .7- inch  s q u a r e  by 1 0  t o  20 thousandths  th ick  
t o  which IC chips  a r e  at tached.  This produces  a n  a s s e m b l y  with v ibra t ion  
r e sonan t  f r equenc ie s  far above tha t  which can  be  t r a n s m i t t e d  to  t h e m  through 
the  s p a c e c r a f t  s t r u c t u r e .  Thus ,  no v ib ra t ion  p r o b l e m s  a r e  expected within 
the R F B B ' s .  

Theory  of opera t ion .  -The theory  of opera t ion  of the a l t i m e t e r  a n d  of 
e a c h  block of F i g u r e  1 is d e s c r i b e d  in the following pa rag raphs .  

Rf sou rce :  The  rf s o u r c e  s t a r t s  with a c r y s t a l  cont ro l led  t r a n s m i t t e r  
o sc i l l a to r  and  a c r y s t a l  cont ro l led  r e c e i v e r  loca l  o sc i l l a to r  of 93 .7500 a n d  
88.5417 MHz respec t ive ly  and  with 20 mw output each .  T h e s e  ope ra t e  
continuously.  A 4-dB buffer  a m p l i f i e r ,  power supply ga ted ,  follows e a c h  
osc i l l a to r .  A t r a n s m i t - r e c e i v e  (TR)  swi tch  s e l e c t s  t he  p r o p e r  s igna l  f r o m  the 
buffer a m p l i f i e r s .  Following the  TR swi tch ,  a 12 .4 -dB,  power supply gated 
power ampl i f i e r  feeds  700 mw to  two broadband f r equency  m u l t i p l i e r s ,  of 
4X and  6X,  with a combined  loss  of 1 0 . 4  dB.  Thus ,  64 mw of t r a n s m i t  o r  
l o c a l  o sc i l l a to r  s igna l ,  2250 o r  2125 MHz re spec t ive ly ,  is de l ive red  t o  the 
r f  manifold.  
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Rf manifold:  The  s ignal  se lec ted  b y  the T R  switch in the rf s o u r c e  is 
d i s t r ibu ted  by 15 two-way s t r ipl ine power d i v i d e r s ,  which produce equal  
power dis t r ibut ion and  phase shift ,  to  the  R F B B ' s .  The  500-MHz if .  s igna ls  
f r o m  the R F B B ' s  a r e  vec tor ia l ly  combined  in 5 fou r -way  s t r ip l ine  power 
z d d e r s  t c  p rcduce  a s ingle  i f .  output. 

R F B B ' s :  T h e r e  a r e  16 R F B B ' s  i n  a 4 X 4 m a t r i x .  T h e s e  a r e  individually 
phase  cont ro l led  in  both t r a n s m i t  a n d  r ece ive  to  produce  a n  e lec t ronica l ly  
scanned  antenna pa t te rn .  The  input f r o m  the mani fo ld  is ampl i f ied  by a p r e -  
ampl i f i e r .  The p reampl i f i e r  output is TR swi tched  t o  e i t h e r  the t r a n s m i t  o r  
l oca l  osc i l la tor  4-bi t  digi ta l  diode phase  sh i f t e r  ( l ine  lengths  se l ec t ed  by 
logic  c i r cu i t s ) .  The  output of the t r a n s m i t t e r  phase  sh i f te r  is ampl i f ied  t o  
2 wat t s  [ 3 mic roseconds  pulse  at 2000 pulse  r a t e  f r equency  ( P R F ) ,  0 . 0 0 6  
duty c y c l e ] .  Following the power ampl i f i e r  is the 4X f r equency  mul t ip l ie r  
a n d  the antenna TR switch.  The  output of the r e c e i v e r  phase  sh i f te r  is f r e -  
quency mult ipl ied by 4 and  f e d  t o  the balanced mixer. The  i f .  output of the 
balanced m i x e r  is p reampl i f i ed  and f e d  to  the rf manifold.  Each  R F B B  has  
the  n e c e s s a r y  logic to  cont ro l  i ts  phase  sh i f t e r s .  

Scan p r o g r a m m e r :  To  se lec t  the c o r r e c t  number  of counter  b i t s  for  
e a c h  R F B B  f o r  each  s c a n  position ( s e c t o r ) ,  a digi ta l  s c a n  p r o g r a m m e r  is 
used.  F o u r  f l ip-f lops connected a s  a r ipple- through counter  along with 16  
four- input  g a t e s  s e l e c t  the sec to r  t o  be scanned .  E a c h  s e c t o r  is "looked at" 
f o r  fou r  t r a n s m i t t e d  pulses  s o  the logic is swi tched  500 t i m e s  p e r  second.  
T h e r e f o r e ,  the c lock  f r equency  to the  s e c t o r  s e l e c t o r  counter  is 500  Hz, 
which is counted down f r o m  the 2-kHz P R F .  The  P R F  is counted down f r o m  
the  2-MHz input t o  the p r o g r a m m e r .  

A s ix - s t age  r ipp le  counter  is  used  f o r  bit  se lec t ion .  The  output s tage  
d isab les  the input c lock  through the s top  gate .  T h i s  counter  counts  32 pu l ses ,  
which is 360 d e g r e e s  in both scan  p lanes ,  and  s tops .  Th i s  method w a s  
se l ec t ed  as the m o s t  economica l  to ope ra t e  because  of i t s  low power d i s s ipa -  
t ion and the m o s t  re l iab le  because of its r e l a t ive  s impl ic i ty  in design.  

P r o c e s s o r :  The  r a d a r  r ece ive r  tha t  has  evolved conta ins  a Type I 
(veloci ty  sens i t ive)  s e r v o  loop a s  a f i l t e r .  This  loop t r a c k s  the leading edge 
of the envelope of the r ece ived  pulse.  To main ta in  the  f a s t  r e s p o n s e  
n e c e s s a r y ,  and  a l s o  reduce  the effective noise bandwidth of t he  s y s t e m ,  a 
sampling c i r cu i t  is employed.  The if. input is envelope de tec ted  and  v ideo  
amplif ied.  A coincident ga t e ,  opera ted  by the r ece ived  v ideo  pulse  and  a 
t racking  pulse ,  t r i g g e r s  a sample  and  hold boxca r  de t ec to r .  The t racking  
pulse  and  boxcar  t r i g g e r  a r e  t ime  g a t e s  dependant o n  the output of a high 
s p e e d  c o m p a r a t o r .  The  compara to r  output is t r i g g e r e d  when the r a m p  vol tage 
exceeds  the  output of a n  integrating a m p l i f i e r .  Since th i s  a m p l i f i e r  ampl i f i e s  
only a change in the input,  it i s  velocity sens i t ive  o r  Type I. T h e r e f o r e ,  any  
change in the t i m e  between the  las t  r e c e i v e d  pulse  a n d  the pulse  in  the loop 
is detected a n d  the  loop r e a c t s  t o  t r a c k  it. 
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If no s igna l  is  p r e s e n t ,  the  s igna l  recogni t ion  c i r c u i t  s e n s e s  the z e r o  
output of the  c i rcu i t  and ac t iva t e s  a s e a r c h  g e n e r a t o r  tha t  d r i v e s  the in tegra t ing  
ampl i f i e r  slowly f r o m  z e r o  t i m e  to  m a x i m u m  t i m e ,  o r  z e r o  a l t i tude  t o  maximum 
al t i tude .  Thus ,  the s e a r c h  g e n e r a t o r  is au tomat ica l ly  ac t iva t ed  whenever  the  
r ece ived  s igna l  i s  lllostfl outs ide the t r ack ing  loop. 

Agc loop and sens i t iv i ty  t i m e  con t ro l  (STC):  The  a l t i m e t e r  a c c u r a c y  
depends on the rece ived  s igna l  having a re la t ive ly  cons tan t  ampl i tude  o v e r  
the al t i tude range .  T h e r e f o r e ,  a good agc  c i r cu i t  is r e q u i r e d .  A coincident  
g a t e ,  similar t o  that of the p r o c e s s o r  but  longer  to  e n s u r e  peak  de tec t ion ,  is 
used with a boxcar  de t ec to r .  A low p a s s  a m p l i f i e r  m a k e s  the a g c  loop r e spond  
to  a v e r a g e  s igna l  s t r eng th  changes  r a t h e r  than pulse  fading o r  sampl ing  r a t e s .  
The  STC c i r c u i t  i n c r e a s e s  the loop ga in  with a l t i tude  ( t i m e ) ,  t h e r e b y  d e c r e a s i n g  
the r equ i r ed  dynamic r ange  of t he  agc  loop. 

Output c i rcu i t ry :  The output c i r c u i t  is a s i m p l e  ga t ed  coun te r  with a n  
a c c u r a t e  c lock.  The counter  is p r e s e t  t o  z e r o  by the p r e m a s t e r  t r i g g e r  ( P M T )  
and  is s t a r t e d  by the m a s t e r  t r i g g e r  ( M T ) ,  which is de layed  25 m i c r o s e c o n d s  
a f t e r  P M T  and a l so  t r i g g e r s  the t r a n s m i t t e r .  It is s topped  when the t r a c k  ga te  
is coincident  with the  r e c e i v e d  video pulse .  T h e r e f o r e ,  the  number  of counts  
r e p r e s e n t s  t i m e ,  o r  a l t i tude ,  i n c r e m e n t s .  A shif t  r e g i s t e r  r e c e i v e s  the  
digi ta l  a l t i tude data a f t e r  each  r e c e i v e d  pulse  and  holds  i t  f o r  r e a d  out at  any  
time except  during shift  r e g i s t e r  updating. 

- 
r 

T e s t  sequence gene ra to r :  At c e r t a i n  points in  t i m e  during pre launch  
checkout it is des i r ab le  to  d e t e r m i n e  if each  R F B B  is still opera t ing  p rope r ly .  
A t e s t  sequence  c i r cu i t ,  where in  each  R F B B  is used  a lone  as a t r a n s m i t t e r /  
r e c e i v e r ,  is act ivated by a s ingle  w i r e  command.  Th i s  command  g a t e s  on the  
t e s t  c i r c u i t  which includes four  fl ip-flops connected as a r ipp le- through 
counter  a n d  16  four-input g a t e s ,  which sequent ia l ly  ga t e  the R F B B ' s  on. T h e  
t r a n s m i t t e d  r f  can be mon i to red  ex terna l ly  o r  a t r a n s p o n d e r  c a n  be  used  t o  
check  the complete  s y s t e m .  

P o w e r  supplies:  The p r i m a r y  power  is 2 8  *2  vdc .  The  a l t i m e t e r  is 
designed t o  u s e  5 ,  10,  30 ,  -10, and  -15 vdc.  The  power supply c o n s i s t s  of 
a p r e r e g u l a t o r ,  a high f requency  d c  t o  d c  c o n v e r t e r ,  a n d  a r e c t i f i e r  filter 
f o r  each  vol tage.  A n  addi t ional  c i r c u i t ,  which m a k e s  it poss ib le  t o  m e e t  the 
low power allowance f o r  the  s y s t e m ,  is the power  p r o g r a m m e r .  Th i s  cons i s t s  
of t h r e e  monostable  mul t iv ib ra to r s  tha t  con t ro l  t r a n s i s t o r  swi tches  used  t o  
g a t e  power to  c i r cu i t s  as they  a r e  needed. 

Technica l  r i sk .  -The R F B B  is cons ide red  t o  b e  the  only item of 
s ignif icant  technical  r i s k  in  the  proposed  a l t i m e t e r .  It cons i s t s  of s e v e r a l  
subc i r cu i t s  l i s ted  i n  Tab le  1 .  Among t h e s e ,  the  s ign i f icant  c i r c u i t  is cons id -  
e r e d  to be the power a m p l i f i e r ,  which m u s t  de l ive r  approximate ly  2 wa t t s  
peak  of pulsed  power at 2.25 GHz. The  pulsewidth is 3 p.s and  the pu l se  rate 
f r equency  is 2000.  Thus ,  the duty cyc le  is 0 .006 a n d  t h e  a v e r a g e  power 



Table  1.  -Reliabil i ty Analysis of Space P r o b e  R a d a r  Al t ime te r  

F R  X 1 0-6/hr Subassembly  or  C i rcu i t  

b 

c 

Microwave Manifold 

R F  Source  

Scan P r o g r a m m e r  

IF Ampl i f ie r  

P r o c e s s o r  

STC & AGC Loop 

Output C i r c u i t s  

T e s t  Sequence G e n  

P o w e r  Supplies 

RFBB'  s ,  1 6  i n  Parallel 
Re dundant C ir c uit 

1 . 8 0  

9 .52  

4 .62  

5 .08  

1 . 8 4  

0 .57  

2 . 9 4  

4 . 7 5  

4.75 

= . o  

Tota l  A l t ime te r  
Failure Ra te  

P r e d i c t e d  M T B F  

35 .87  

27800 h r  

output p e r  R F B B  is 12 mw. However ,  3 p s  is cons ide red  t o  be suff ic ient  t i m e  
f o r  t h e r m a l  equi l ibr ium i n  the t r a n s i s t o r  junction. 

A re l iab i l i ty  evaluation p r o g r a m  wil l  be  ini t ia ted on the RFBB.  Th i s  
p r o g r a m  wil l  be  d i r ec t ed  p r i m a r i l y  toward  the power  a m p l i f i e r ,  b u t  wi l l  
include the comple te  subassembly .  The  t h e r m a l  des ign  of the  power  a m p l i f i e r ,  
the  RFBB,  and  the  R F B B  mat r ixes  wil l  b e  given spec ia l  cons idera t ion .  

C u r r e n t  Rel iabi l i ty  Analys is  

S u m m a r y  of re l iabi l i ty  ana lys i s .  -The probabi l i ty  of s u c c e s s f u l  opera t ion  
of the  a l t i m e t e r  is e s t ima ted  t o  be 0.999982. T h i s  e s t i m a t e  is b a s e d  on the 
a s sumpt ion  that  all f a i l u r e s  which m a y  occur  up t o  launch  a re  de tec ted  be fo re  
launch  and  tha t  the  probabi l i ty  of f a i l u r e  dur ing  launch  and  deep  s p a c e  fl ight 
a r e  not s ignif icant .  The  high probabili ty of s u c c e s s  is t o  b e  achieved  through 
the semiconductor  in tegra ted  c i rcu i t  type of R F B B ' s  as t r a n s m i t t e r / r e c e i v e r s  
in  a highly redundant  configuration and  through the use  of semiconductor  
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in tegra ted  c i r cu i t s  in the logic and  support ing c i r c u i t r y .  No t h e r m a l  dev ices  
o r  mechanica l  components a r e  to  be included in the  design.  

Reliabil i ty block d i a g r a m .  -A re l iab i l i ty  block d i a g r a m  w a s  de r ived  
f r o m  the  functional block d i a g r a m  of F i g u r e  1 .  It w a s  d e t e r m i n e d  f r o m  a 
f a i lu re  modes  and effects  ana lys i s  tha t  all of the c i r c u i t s  i n  b locks  B th rough 
L a r e  e s s e n t i a l  except fo r  a n  insignif icant  p a r t  of block J ,  t e s t  sequence  
g e n e r a t o r .  Thus ,  f o r  re l iab i l i ty  e s t ima t ion ,  t h e s e  blocks a r e  in series. 
Block A cons i s t s  of 16 R F B B ' s  in pa ra l l e l ,  a n y  two of which m a y  fail without 
jeopardizing pe r fo rmance .  It is shown by  the equat ion i n  t h e  following p a r a -  
g r a p h  that  t h i s  redundant conf igura t ion  has  a re l iab i l i ty  of e s sen t i a l ly  unity. 
The block d i ag ram is not p r e s e n t e d  graphica l ly  in th i s  ana lys i s .  

Mathematical  model .  -The probabi l i ty  of s u c c e s s  is given by the 
expres s ion ,  Ps = e-ht  , w h e r e  A is the f a i lu re  r a t e  of the  equipment  under  
cons idera t ion  and t i s  the m i s s i o n  time. The probabi l i ty  of s u c c e s s  of the 
redundant  R F B B ' s  of block A ,  F i g u r e  1 ,  c a n  be e x p r e s s e d  as 

This  expres s ion  may  b e  expanded into the following s e r i e s :  

Under the assumpt ion  that z e r o ,  one o r  two fai lures  a r e  p e r m i s s i b l e ,  only 
the f i rs t  t h r e e  t e r m s  of the s e r i e s  a r e  re levant .  Using a f a i lu re  r a t e ,  
h g g  = 13 .74  X 1 0 - 6 / h r ,  and  a m i s s i o n  t i m e ,  t = 0.5  hour ,  PA was  ca lcu la ted  
to  b e  0.999999t .  This  is a n  equivalent  f a i l u r e  r a t e  f o r  the p a r a l l e l  redundant  
configurat ion of block A ,  hA s 0.  

The  fa i lure  r a t e  f o r  the r a d a r  a l t i m e t e r  is given by the expres s ion ,  

h s  = h A + h B + . .  . f h L .  

T h i s  is s u m m e d  in Table  1 to  be  35.87 X 1 0 - 6 / h r ,  equivalent  to  a n  M T B F  
of 27800 hour s .  The probabi l i ty  of m i s s i o n  s u c c e s s  is given by the e x p r e s s i o n ,  
Ps = .-Ast, where  A s  is t h e  s y s t e m  fa i lu re  r a t e  and  t is the  a s s u m e d  m i s s i o n  
time of 0 .5  hour .  Ps is ca lcu la ted  to  be  0.999982. 

Rel iabi l i ty  ana lys i s .  -Table  2 l i s t s  the c i r c u i t s  and  a s s i g n e d  f a i l u r e  
r a t e s  f o r  a n  rf building block.  Table  3 lists the  c i r c u i t s  a n d  a s s i g n e d  fai lure  
r a t e s  f o r  the r ema inde r  of the r a d a r  a l t i m e t e r .  The  f a i l u r e  r a t e s  a s s i g n e d  
to  the  v a r i o u s  pa r t s  a r e  c o n s i d e r e d  to  be  feas ib le  r a t e s  cons ider ing  the 
materials and fabricat ion techniques and  the p r o g r a m  schedule ,  that  is ,  a 
working engineer ing model  i n  1969 with space  qualified h a r d w a r e  throughout 
the 1971 to  1975 per iod.  
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The f a i lu re  r a t e s  f o r  I C ' s ,  t r a n s i s t o r s ,  d iodes ,  inductors ,  c a p a c i t o r s ,  
a n d  r e s i s t o r s  r e p r e s e n t  in te rpre ta t ions  of p a r t s  a n d  equipment  re l iabi l i ty  
h i s to r i e s .  The f a i lu re  r a t e s  for  new MERA type ,  all solid-state mic rowave  
c i r c u i t s  r e p r e s e n t  extrapolat ions f r o m  similar I C ' s ,  thin film, and  individual 
compone nt s with r e  l iabil i ty h i s to r i e s  . 

Connect ion between vapor  deposi ted con tac t s ,  on c e r a m i c  o r  s i l i con  
s u b s t r a t e ,  and  o the r  conductors  can  be m a d e  sufficiently r e l i ab le  by using 
only compat ib le  m e t a l  s y s t e m s  and avoiding the  b r i t t l e  i n t e rme ta l l i c  compounds 
s u c h  as the gold-aluminum which p roduces  "purple  plague". Alloying techniques 
wi l l  be  given p r e f e r e n c e  ove r  gold w i r e  t h e r m o - c o m p r e s s i o n  bonding f o r  
making jo in ts .  

Connectors  wi l l  not be  used within t h e  a l t i m e t e r .  Yet,  any  subassembly  
m a y  b e  eas i ly  r ep laced  by a technician competent  in  the use  of a so lder ing  
i r o n .  Connectors  wil l  b e  used  i n  t he  in t e r f ace  between the a l t i m e t e r  and  the 
s p a c e c r a f t  if spec i f ied  by the procur ing  act ivi ty .  

Growth potential .  -The growth potent ia ls  of the r a d a r  a l t i m e t e r  a re  v e r y  
s ignif icant .  Increas ing  the mis s ion  to  48 hour s  of operat ing t i m e  is two o r d e r s  
of magni tude g r e a t e r  than  the 0 . 5  hour  c o n s i d e r e d  in  the  p r e s e n t  ana lys i s .  
The  f a i lu re  r a t e  of the RFBB a r r a y  would r e m a i n  insignificant r e g a r d l e s s  of 
s i z e  i f  the  s a m e  l eve l  of redundancy w e r e  maintained.  F o r  a n  ac t ive  m i s s i o n  
t i m e  of 48 hour s ,  it would s u r e l y  be d e s i r a b l e  to  include redundancy i n  some 
o r  all of the  support ing c i r cu i t ry .  

RELIABILITY AND QUALITY ASSURANCE PLAN 
FOR DESIGN AND DEVELOPMENT PHASE 

Design Surve i l lance  

During the des ign  and  development phase  a re l iab i l i ty  engineer  wi l l  be 
a s s i g n e d  t o  the  p r o g r a m .  He wil l  be located i n  t h e  g e n e r a l  area of t h e  des ign  
pe r sonne l  and  thus wi l l  be a w a r e  of all p rob lems  and  p r o g r e s s  as  the p r o g r a m  
p roceeds .  Texas  Ins t rumen t s  feels  that  th i s  a p p r o a c h  is s u p e r i o r  t o  the 
a l t e rna te  approach  where in  the  rel iabi l i ty  pe r sonne l  a re  s e g r e g a t e d  f r o m  the 
d e s i g n e r s  and depend on  data  t r a n s m i t t e d  t o  a n d  f r o m  the  d e s i g n e r s  for 
re l iab i l i ty  execut ion a n d  con t ro l .  The  p ro jec t  o r ien ted  re l iab i l i ty  eng inee r  
de t ec t s  and  c o r r e c t s  m a n y  s m a l l  re l iab i l i ty  p r o b l e m s  on  a n  in fo rma l  basis. 
Some of t hese  p rob lems  would not b e  de tec ted  by a r e m o t e  re l iab i l i ty  eng inee r .  
O the r s  would be  de tec ted  at a l a t e r  date  at  which t i m e  addi t ional  cos t  a n d / o r  
de lays  might  be  incu r red .  The  p r o g r a m  at  Texas  Ins t rumen t s  tends  to be  one 
of mutua l  understanding,  r e s p e c t ,  a n d  coopera t ion  i n  p rob lem solving. 
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A c e n t r a l  design da ta  f i le  wil l  be  ma in ta ined  by the p r o j e c t  des ign  
pe r sonne l  i n  o r d e r  t o  main ta in  a des ign  h i s to ry  of t he  p r o g r a m .  T h e  re l iab i l i ty  
eng inee r  w i l l  monitor  th i s  f i l e .  Th i s  f i le  wi l l  include s t r e s s  a n a l y s i s ,  t o l e r a n c e  
a n a l y s i s ,  and  fa i lure  mode and  effects  a n a l y s i s .  

18 

Parts P r o g r a m  

The  r equ i r emen t s  of a s p a c e c r a f t  i n s t rumen t  p l ace  s e v e r e  r e q u i r e m e n t s  
on its p a r t s  complement .  Some of t hese  a r e :  

a. Very  low f a i l u r e  r a t e  
b. Long expected l i f e  
c .  Light weight 
d. Low power consumption 
e .  Immunity t o  damage  due t o  s t e r i l i za t ion .  

The r a d a r  design t h a t  has  evolved during the  s tudy  p r o g r a m  is a 
l ' s t a t e -o f - the -a r t "  s y s t e m .  The p a r t s  complement  f o r  the altimeter wil l  be 
se l ec t ed  in  the following m a n n e r .  A NASA approved  p a r t s  list wil l  be  obtained. 
Hardware ,  bas i c  m a t e r i a l s ,  and  e l e c t r i c a l  components  of the a l t i m e t e r  tha t  
a r e  s t anda rd  wil l  be se l ec t ed  f r o m  th i s  list. Non-s tandard  p a r t s ,  such  as 
R F B B ' s ,  MERA type mic rowave  in t eg ra t ed  c i r c u i t s ,  a n d  spec ia l i zed  I C ' s ,  
both digital  a n d  l inear ,  wi l l  be  ana lyzed  t o  d e t e r m i n e  t h e i r  s i m i l a r i t y  to  
NASA approved  p a r t s  i n  both function a n d  f ab r i ca t ion  techniques .  A list of 
non-standard p a r t s ,  the use of each ,  and  a p r o g r a m  outline fo r  qualifying 
e a c h  p a r t  wil l  b e  submi t ted  t o  NASA f o r  approva l .  

T h e  non-standard p a r t s  wil l  be composed  of the following c i r c u i t  
e l e m e n t s .  

a .  Microwave c i r c u i t s  and  o the r  non-s tandard  funct ions f a b r i c a t e d  
into s i l icon s u b s t r a t e .  Confidence (if not qual i f icat ion)  m a y  b e  
obtained f r o m  s i m i l a r i t y  to  s t a n d a r d  components .  

b. Thin  film conduc to r s ,  r e s i s t o r s ,  a n d  c a p a c i t o r s  m a y  b e  f a b r i c a t e d  
in  large shee t s  on c e r a m i c  a n d / o r  s i l i con  a n d  rea l ib i l i ty  t e s t e d  t o  
ve r i fy  or de te rmine  the f a i lu re  rate of e a c h  under cont ro l led  
conditions.  

c .  Subassembl ies  ( i .  e . ,  R F B B ' s  cons is t ing  of th in  film pass ive  
c i r cu i t s  and  mounted  ch ip  ac t ive  c i r c u i t s )  wi l l  be  t e s t e d  t o  eva lua te  
the combination. It is thought that  not enough of t hese  wi l l  be  
avai lable  t o  qualify t h e m  on a s t a t i s t i c a l  b a s i s .  However ,  s t e p  
t e s t s  in t e m p e r a t u r e  and  vol tage t o  des t ruc t ion  m a y  r e v e a l  f a i l u r e  
modes that  a re  c o r r e c t a b l e .  T h i s  should provide  i n c r e a s e d  confi-  
dence i n  the design.  Should the  MERA R F B B ' s  b e  appl ied  t o  a 



c 

l a r g e  a r r a y  radar i n  a p r o g r a m  p a r a l l e l  t o  the a l t i m e t e r  develop-  
m e n t ,  a s ta t i s t ica l ly  qualified f a i lu re  r a t e  of high confidence should 
evolve.  S te r i l i za t ion  is c o v e r e d  in  a s e p a r a t e  document  but wil l  
a l s o  be  included in  this  plan.  

Design Review P r o g r a m  

A f o r m a l  p r o g r a m  of planned, scheduled ,  and  documented  des ign  
rev iews  wil l  b e  conducted at the  s y s t e m ,  s u b s y s t e m ,  and  m a j o r  component  
leve l .  These  rev iews  wil l  be  comprehens ive ,  c r i t i c a l  audi t s  of all per t inent  
a s p e c t s  of the des ign ,  pa r t i cu la r ly  its re l iab i l i ty .  T h e s e  r ev iews  wil l  be  
conducted at a l l  m a j o r  mi les tones  i n  the p r o g r a m  ( to  b e  scheduled  during 
l a t e r  rev is ions  t o  th i s  plan as s e t  for th  in  the P r o g r a m  Management  p a r a g r a p h  
of t he  Introduct ion) .  Par t ic ipa t ion  wil l  b e  in t e rdepa r tmen ta l ,  including pe r sonne l  
f r o m  des ign ,  fabr ica t ion ,  re l iabi l i ty ,  quali ty,  p a r t s  appl icat ion and  o the r  
appropr i a t e  suppor t  a reas ,  as  wel l  as  NASA r e p r e s e n t a t i v e s  (at the d i sc re t ion  
of the  cognizant  NASA instal la t ion) .  The cognizant  re l iab i l i ty  engineer  and  
o t h e r  review par t ic ipants  wil l  s ign all des ign  review r e p o r t s  to  indicate con-  
c u r r e n c e  with the comple t eness  of the review and the ac t ions  to  b e  taken .  
The  cognizant re l iab i l i ty  engineer  wi l l  a l s o  followup ac t ion  i t e m s  t o  e n s u r e  
that  the respons ib le  g roups  have comple ted  these  ac t ions  sa t i s f ac to r i ly .  In 
connection with these  r ev iews ,  Texas  Ins t rumen t s  wil l  submi t  the  following: 

a.  A detai led desc r ip t ion  of the des ign  review p r o g r a m  including 
p r a c t i c e s  and  p rocedures  employed ,  a check  list of des ign  a s p e c t s  
t o  be  cove red ,  and  schedule  of individual r ev iews .  See  the outline 
in  Appendix A. ( F u r t h e r  de ta i l s  and  a schedule  wi l l  be  provided 
in  a later r e v i s i o n . )  
Notification to  the cognizant NASA instal la t ion o r  its des igna ted  
r e p r e s e n t a t i v e ,  when s o  de lega ted ,  15 days  in  advance  of each  
rev iew,  including the  s y s t e m  e l emen t  t o  be rev iewed,  f i rm da te ,  
t i m e ,  locat ion and  descr ip t ive  informat ion  on the review i n  
quest ion.  

a s t a t emen t  of ac t ions  t o  be  taken  and  by whom wil l  be provided 
to  o r  be ava i lab le  for rev iew by the  cognizant  NASA instal la t ion 
(at its d i sc re t ion )  within 21 days  a f t e r  the review meet ing.  
However ,  n e c e s s a r y  c o r r e c t i v e  ac t ion  resu l t ing  f r o m  the  review 
wil l  be ini t ia ted and  r epor t ed  informal ly  to  the  cognizant  NASA 
instal la t ion within a g r e e d  t i m e  pe r iods  e s t ab l i shed  a t  the rev iew 
meet ing .  

b .  

c .  Design review r e p o r t s ,  including a rev iew rep resen ta t ion  l i s t ,  

The design review provis ions  h e r e i n  wi l l  be  invoked on  all  m a j o r  
subcon t rac to r s  . 



Each  engineer ing des ign  change ,  m a d e  fo r  any  r e a s o n  a f t e r  f ina l  des ign  
review of the e lement  i n  quest ion,  wi l l  be  submi t ted  f o r  r ev iew,  a n a l y s i s ,  a n d  
concur rence  of the m e m b e r s  of the des ign  r ev iew g roup  ( o r  Change Con t ro l  
Board ,  i f  appl icable) .  Where  the na tu re  of a change  is c o n s i d e r e d  by any  
m e m b e r  of the  group t o  w a r r a n t  a f o r m a l  des ign  r ev iew,  s u c h  a rev iew wi l l  
be conducted p r i o r  t o  r e l e a s e  of the change.  

Maintainabili ty and  El imina t ion  of Human-Induced F a i l u r e s  

C a r e f u l  cons idera t ion  wi l l  be  given t o  the main ta inabi l i ty  of the s y s t e m  
and to  the el iminat ion of potent ia l  s o u r c e s  of human-induced f a i l u r e  throughout  
the e n t i r e  cont rac tua l  e f for t - f rom bas i c  des ign  through opera t iona l  u se .  T h i s  
wil l  include t h e  following: 

a.  A study of r e q u i r e m e n t s  f o r  t e s t ,  checkout ,  inspect ion,  p a r t s  o r  
components  r ep lacemen t  d i s a s s e m b l y  and  a s s e m b l y ,  and  s e l f -  
moni tor ing ,  followed by provis ions  of a c c e s s  and  o the r  d e s i g n  
f e a t u r e s  to  enable  p e r f o r m a n c e  of all checkout ,  r e p a i r  a n d  
maintenance t a s k s .  
A n  intensive e f f o r t  d i r ec t ed  toward  making p r o p e r  a n d  safe u s e  
of the equipment  convenient and  unsafe  use  inconvenient o r  
ex t r eme ly  diff icul t ,  thus  enhancing the s y s t e m s  capabi l i ty  t o  b e  
f ab r i ca t ed ,  handled, main ta ined ,  a n d  ope ra t ed  with m a x i m u m  
e a s e  and  m i n i m u m  h a z a r d  t o  l ife a n d  equipment .  Th i s  e f for t  wil l  
cove r  the des ign  of the equipment  and  all ins t ruc t iona l  material 
and  t ra ining a s s o c i a t e d  with i t s  handling, s t o r a g e ,  t r anspor t a t ion ,  
checkout,  and use .  

b. 

Texas  Ins t ruments  r e a l i z e s  tha t  a n  e f fec t ive  e f for t  i n  t hese  a r e a s  is a n  
impor tan t  means  of enhancing re l iab i l i ty  in  the s y s t e m .  F e a t u r e s  t o  e l imina te  
potent ia l  human-induced f a i l u r e s  a n d  t o  enhance maintainabi l i ty  of the s y s t e m  
wi l l  be given ca re fu l  cons idera t ion  i n  all des ign  r ev iews .  

Quality A s s u r a n c e  Funct ions 

Genera l .  -Product  quali ty is a m a j o r  cons ide ra t ion  in the des ign  a n d  
development  e f f o r t s  at Texas  Ins t rumen t s .  P r o g r a m s  a re  now i n  p r o g r e s s  
which a r e  complying with N P C  200-2 and  NPC 2 0 0 - 3 .  Thus  the  m e c h a n i s m s  
and  the personnel  a r e  c u r r e n t l y  ava i lab le  to  suppor t  the  deve lopment  p r o g r a m  
of the r a d a r  a l t i m e t e r .  
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Drawings a n d  specif icat ion rev iew.  -Reviews of d rawings ,  spec i f ica t ions ,  
a n d  technica l  documents  wil l  be  p e r f o r m e d  t o  e s t ab l i sh  the c h a r a c t e r i s t i c s  
t h a t  d e t e r m i n e  the quality and  rel iabi l i ty  of the s y s t e m ,  and t o  provide c r i t e r i a  
t o  judge p e r f o r m a n c e  t o  these  c h a r a c t e r i s t i c s .  T h e s e  rev iews  wil l  be  docu-  
men ted  and  such  documentat ion w i l l  be m a d e  ava i lab le  to  the NASA ins ta l la t ion  
a n d  its des igna ted  representa t ive .  The  cognizant  QA engineer  wil l  ve r i fy  that  
d rawings ,  spec i f ica t ions ,  and  technical  documents  contain adequate  r e q u i r e  - 
m e n t s  f o r  de te rmining  and  controll ing the quali ty of all i t e m s ,  pu rchased  o r  
produced  by Texas  Ins t rumen t s  f o r  the r a d a r  altimeter. Such r e q u i r e m e n t s  
wi l l  be r e l a t e d  t o  all phases  of the s y s t e m  development  including des ign ,  
f ab r i ca t ion ,  t e s t ing ,  and  end-use.  In detail ing quali ty r e q u i r e m e n t s ,  all 
documents  wi l l  include: 

a.  Ident i f icat ion of the a r t i c l e  
b. 
c .  

d.  Conformance  limits. 

C h a r a c t e r i s t i c s  de t e rmined  to  inf luence quali ty 
Inspect ion and t e s t  methods (including specif ic  t e s t  equipment ,  
envi ronmenta l  condition a n d  s a m p l e  s i z e ,  a s  appl icable)  

Qualified and  p r e f e r r e d  p a r t s :  T h e s e  r ev iews  wi l l  include spec i f ic  ac t ions  
to  max imize  the  use of p a r t s  and  components  that  have been  qualified as 
meet ing  the pe r fo rmance ,  re l iab i l i ty ,  and  quality r e q u i r e m e n t s  of the c o n t r a c t .  
Feedback  of in format ion  f r o m  previous  expe r i ence  with o ther  s p a c e  i n s t r u -  
m e n t s  developed at Texas  Ins t rumen t s  wi l l  be  used at th i s  s t age  of the  s y s t e m  
development .  The  rev iews  wi l l  a l s o  include appl icat ion of any p r e f e r r e d  p a r t s  
list c i t ed  in  the con t r ac t  o r  r equ i r ed  t o  be  e s t ab l i shed  by T e x a s  Ins t rumen t s  to: 

a .  
b. 

E l imina te  f r o m  t h e  design p a r t s  known t o  b e  inadequate 
Aid in  planning p a r t s  and  component  tes t ing  a n d  sc reen ing .  

Government  document  review: Applicable government  drawings ,  
spec i f ica t ions ,  and  technica l  documents  wil l  b e  rev iewed as above f o r  adequacy 
and  n e c e s s a r y  addenda and  supplements  wil l  b e  provided  t o  adequately define 
the quali ty r e q u i r e m e n t s  of the f ab r i ca t ed  a r t i c l e s .  

Planning: T h e s e  rev iews  will  be  used  f o r  planning f ab r i ca t ion ,  tooling, 
m e a s u r i n g ,  and  t e s t  equipments .  In addi t ion,  they wi l l  be used  f o r  planning 
and  inspect ion and  t e s t  p rocedures .  

Qualification t e s t .  -Qualification t e s t  of p a r t s ,  components ,  s u b a s s e m b l i e s ,  
and  higher  leve ls  of a s s e m b l y  will  be p e r f o r m e d  t o  d e m o n s t r a t e  that  t he  des ign  
is inherent ly  capable  of meet ing the es tab l i shed  r e q u i r e m e n t s .  The t e s t  wi l l  
be  des igned  to: 

a.  Loca te  significant f a i lu re  modes  
b. De te rmine  the effects  of v a r i e d  s t r e s s  leve ls  
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c .  Determine  the effects  of combinat ions of t o l e r a n c e s  and  drift 

d.  
of design p a r a m e t e r s  
Determine  the e f fec ts  of combinat ion and  sequences  of env i ron -  
men t s  and  of s t r e s s  leve ls .  

Af te r  a detai led review of the  p a r t s ,  components  and  s u b a s s e m b l i e s  of the 
p roposed  a l t i m e t e r ,  it is felt by T e x a s  Ins t rumen t s  t ha t  only the  R F B B  m a y  
be cons ide red  a technical  r i s k .  It is f e l t  tha t  o the r  p a r t s  m a y  be qualified by 
s i m i l a r i t y  to  NASA qualified p a r t s  as  d e s c r i b e d  i n  the Parts P r o g r a m  
pa rag raph .  

Ma te r i a l  p rocuremen t  and  cont ro l .  -Texas Ins t rumen t s  wi l l  a s s u m e  the  
responsibi l i ty  f o r  the adequacy  and  quality of all p u r c h a s e d  materials, a r t i c l e s  , 
and s e r v i c e s  unless o therwise  d i r ed ted  by the  cont rac t ing  agency  in wr i t ing .  
This  responsibi l i ty  wil l  include: 

a .  
b. T r a n s m i s s i o n  of all des ign ,  re l iab i l i ty ,  and  quality r e q u i r e m e n t s  

c .  
d. 

Select ion of qualified p rocuremen t  s o u r c e s  

to  p rocuremen t  con t r ac t s  a n d  p u r c h a s e  o r d e r s  
Evaluation of the adequacy of p r o c u r e d  a r t i c l e s  
Effective provis ions  f o r  e a r l y  informat ion  feedback  and  c o r r e c t i o n  
of def ic iencies  
Providing technica l  a s s i s t a n c e  a n d  t ra in ing  to  supp l i e r s  when 
necessa ry  to  achieve  d e s i r e d  re l iab i l i ty  a n d  quality l eve l s .  

e .  

Cont ro l  of in-house f ab r i ca t ed  a r t i c l e s .  -Texas Ins t rumen t s  wi l l  main ta in  
a p r o g r a m  fo r  quality cont ro l  and  n e c e s s a r y  support ing documentat ion f o r  all 
in-house fabr ica ted  a r t i c l e s  t o  e n s u r e  that  all c o n t r a c t ,  drawing,  a n d  spec i f i -  
cat ion r equ i r emen t s  a r e  obtained and  main ta ined  i n  the comple ted  a r t i c l e s .  
The  p r o g r a m  and i t s  appl icat ion to  all phases  of f ab r i ca t ion  wil l  p rovide  
maximum a s s u r a n c e  that  the quali ty inherent  in  the  des ign  is main ta ined .  

Nonconforming m a t e r i a l .  -Mater ia l  rev iew b o a r d s  conforming  t o  
NPC 200-2  a n d  N P C  200-3  cu r ren t ly  ex is t  at Texas Ins t rumen t s .  

F a i l u r e  Report ing and  C o r r e c t i o n  

ana l  
Texas  Ins t rumen t s  has  a s t r i c t l y  cont ro l led  s y s t e m  f o r  the r epor t ing ,  

‘sis, co r rec t ion ,  and data feedback of all f a i l u r e s  and  malfunct ions t h a :  
m a y  o c c u r  throughout the fabr ica t ion ,  handling, test, checkout ,  a n d  opera t ion  
of the  a l t i m e t e r .  Texas  Ins t rumen t s  S tandard  P r o c e d u r e ,  18-8, F a i l u r e  
Analys is  and  Report ing,  is included as Appendix D. On NASA and  JPL p r o g r a m s ,  
c u s t o m e r  supplied f o r m s  a r e  used.  



Tra in ing  a n d  Cert i f icat ion of P e r s o n n e l  

Y 

Texas  Ins t rumen t s  has  personnel  t r a i n e d  and  ce r t i f i ed  to  NASA and JPL 
r e q u i r e m e n t s .  These  pe r sonne l  w i l l  e i t h e r  be ava i lab le  to  staff t he  a l t i m e t e r  
p r o g r a m  o r  wil l  t r a i n  addi t ional  pe r sonne l  f o r  this  pu rpose .  

RELLABILITY AND QUALITY ASSURANCE PROGRAM 
FOR PRODUCTION O F  10 UNITS 

Tra in ing  and  Cer t i f ica t ion  of P e r s o n n e l  

This  wil l  be a n  extension of the p r o g r a m  ins t iga ted  under the Tra in ing  
and  Cer t i f ica t ion  of P e r s o n n e l  paragraph .  

Change Cont ro l  

Genera l .  -Texas Ins t ruments  has  a s y s t e m  which is NASA a n d / o r  JPL 
approved  to  e n s u r e  cont ro l  of all documents  affect ing the quality p r o g r a m  and 
f o r  the  incorpora t ion  of changes  there to .  T h e s e  documents  include quali ty 
con t ro l  p rocedures  , engineer ing drawings  , inspect ion a n d  t e s t  p r o c e d u r e s  , 
specif icat ions , procuremen t  documents  , engineer ing o r d e r s ,  p r o c e s s e s  , 
manufac tur ing  a n d  operat ing ins t ruc t ions  , and  similar documents .  T h e s e  
documents  a r e  d is t r ibu ted  t o  the  p r o p e r  points a t  the p r o p e r  t i m e s  in o r d e r  
tha t  con t r ac t  work  and  all quality p r o g r a m  funct ions a r e  accompl i shed  in  
acco rdance  with the l a t e s t  applicable documents .  The  s y s t e m  a l s o  provides  
f o r  the p rompt  r emova l  of all obsolete  documentat ion f r o m  opera t ing  areas.  
Quality and  re l iab i l i ty  p r o g r a m  personnel  rev iew all  changes  to  d e t e r m i n e  
t h e i r  effect  upon the quali ty of the f ab r i ca t ed  a r t i c l e s  and  upon the  opera t ion  
of the  quali ty p r o g r a m .  Special  attention is given t o  changes  involving i n t e r -  
face re la t ionships  including those changes  a f fec t ing  a r t i c l e s  not under  Texas  
Ins t rumen t s  des ign  cont ro l .  

Effectivity.  -The effectivity point is c l e a r l y  defined for  all  changes  
except  those  which affect  only presenta t ion  of i n fo rma t ion  on a document  
( e .  g .  spel l ing o r  comple t eness )  and do not a f f ec t  m a t e r i a l s  , f ab r i ca t ion ,  or 
p e r f o r m a n c e .  Changes a r e  m a d e  on the a f f ec t ed  a r t i c l e s  a t  a n  a p p r o p r i a t e  
point , t h e  changed a r t i c l e s  a re  appropr ia te ly  m a r k e d  o r  identified,  a n d  
appl icable  documents  a r e  r e v i s e d  accord ingly .  P r o v i s i o n s  a re  m a d e  f o r  
adequate  and  t imely  inspect ion and t e s t  of all changed  a r t i c l e s .  
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F a i l u r e  Report ing and  C o r r e c t i o n  

The p r o g r a m  inst i tuted under  the F a i l u r e  Repor t ing  a n d  C o r r e c t i o n  
p a r a g r a p h  wi l l  continue in effect  during product ion.  

ENVIRONMENTAL TEST PROGRAM 

The  environmental  test p r o g r a m  is a jo in t  t a s k .  The  p r o g r a m  m a n a g e r  
is respons ib le  to Texas  Ins t rumen t s  managemen t  a n d  to  the  c u s t o m e r  f o r  
pe r fo rmance  of t h e  t e s t .  He wi l l  p rovide  the  test s p e c i m e n s  and  test equip-  
men t ,  d i r e c t  the p repa ra t ion  of the test p r o c e d u r e s ,  and  provide  technica l  
a s s i s t a n c e  during the  t e s t .  The  cognizant  QA eng inee r  wi l l  ve r i fy  that  the 
t e s t  spec imens  and the  t e s t  p r o c e d u r e s  c o n f o r m  t o  c o n t r a c t  and  spec i f ica t ion  
r e q u i r e m e n t s .  Envi ronmenta l  t e s t  pe r sonne l  wi l l  o p e r a t e  the env i ronmen ta l  
equipment  and  ce r t i fy  the envi ronmenta l  da ta .  Acceptance  t e s t  pe r sonne l  wi l l  
p e r f o r m  the t e s t  p e r  t he  t e s t  p rocedure  and  c e r t i f y  the t e s t  da t a .  T h e  
re l iab i l i ty  engineer  wil l  review the test p r o c e d u r e ,  t e s t  da t a ,  and  provide  
f a i l u r e  ana lys i s  and c o r r e c t i v e  ac t ion  suppor t  as r e q u i r e d .  The  c u s t o m e r  
wil l  approve  the t e s t  p rocedure  and  the  test s p e c i m e n  and  wi l l  p rovide  a 
r e p r e s e n t a t i v e  t o  w i tnes s  the  t e s t .  T h e  p r o g r a m  manage r  wi l l  d i r e c t  p r e p a r a  
t ion  and  submi t ta l  of the  t e s t  r e p o r t s  f o r  approval .  

FLIGHT TEST PROGRAM 

, The f l ight  t e s t  p r o g r a m  wi l l  be  p e r f o r m e d  in  a m a n n e r  similar t o  the 
envi ronmenta l  t e s t ,  but p ro j ec t  pe r sonne l ,  NASA pe r sonne l ,  o r  a n  outs ide  
agency  wi l l  probably p e r f o r m  the t e s t .  

DOCUMENTATION 

Documentation wi l l  b e  as spec i f ied  in the c o n t r a c t  o r  spec i f ica t ion .  
It wi l l  b e  detai led h e r e i n  during a l a t e r  r ev i s ion .  
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SCHEDULE AND RESPONSIBILITIES 

A c h a r t  wil l  b e  p r e p a r e d ,  during a l a t e r  r ev i s ion ,  schedul ing all t a s k s  
a n d  ass igning  responsibi l i ty  f o r  t he i r  execution. 
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DESIGN REVIEW C H E C K  LIST 
(OUTLINE) 
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APPENDIX A 
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DESIGN REVIEW CHECK LIST 
(OUTLINE) 

1. MASTER CHECK LIST 

1 .1  Funct ional  Design 

1 . 2  P h y s i c a l  Design 

1 . 3  

1 . 4  

1 . 5  Logis t ic  s 

Human Engine e r ing 

T e s t Re  s ult s 

2 .  FUNCTIONAL DESIGN 

2 . 1  Electrical and  Elec t ronic  

2 . 1 . 1  Gene ra l  

2 .  1 . 2  

2 . 1 . 3  

2 . 2  Mechanical  Design Pract ices  

Parts Select ion and Application 

P r e f e r r e d  Ci rcu i t s  and  Design Applications 

3 .  PHYSICAL DESIGN PRACTICES 

3 . 1  Design Layout 

3 . 1 . 1  Genera l  

3 .  1 . 2  

3 .  1. 3 

3 .1 .4  Elec t romechanica l  

Electrical a n d  Elec t ronic  Layout 

P r i n t e d  C i r c u i t  Layout 
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3 . 1 . 5  Mechanical a n d  Miscel laneous Layouts  

3 .1 .6  Wiring and  Connector  Layouts  

3 .1 .7  Electronic  C h a s s i s  Subassembl i e s ,  a n d  Equipment  
Enclos  u r  e s 

3 . 1 . 8  Hardware  and  Miscel laneous 

3. 1 . 9  Miscel laneous 

3.2 ENVIRONMENTAL DESIGN PRACTICES 

3 . 2 . 1  Genera l  

3 . 2 . 2  T h e r m a l  

3 . 2 . 3  P r e s s u r e  Envi ronment  

3 . 2 . 4  Humidity 

3 .2 .5  Mechanical  Shock and  Vibrat ion 

3. 2 . 6  Radiation Env i ronmen t s  

3. 2.7 Miscel laneous Envi ronments  

4. HUMAN ENGINEERING CHECK LIST 

4 .1  Operabili ty Des ign ,  a n d  Layout 

4 .1 .1  Layout 

4 . 1 . 2  Cont ro ls  

4 .2  MAINTAINABILITY 

4 .2 .1  Location and  Access ib i l i ty  

4 .2 .2  S t ruc ture  of Units 

4 . 2 . 3  Labeling 



4.3  SAFETY FEATURES 

4. 3.1 Self T e s t  

4. 3 . 2  F a i l  Safe 
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APPENDIX B 

RE LIABILITY ORGANIZATION 

The  Quality and  Reliabil i ty A s s u r a n c e  (QRA) Depar tmen t  of the Appara tus  
Divis ion of T e x a s  Ins t rumen t s  is a staff organizat ion which r e p o r t s  t o  the 
v i c e  -pres ident  and  divis ion manage r  through the divis ion admin i s t r a t ion  
m a n a g e r  a s  shown i n  F i g u r e  B-1. Th i s  l ine of respons ib i l i ty  and  au thor i ty ,  
s e p a r a t e d  f r o m  the  product  depa r tmen t ,  e n s u r e s  independence of ac t ion  with 
managemen t  emphas i s  placed on  all depa r tmen t s .  The  Quality a n d  Reliabil i ty 
A s s u r a n c e  Depar tment  is organized  in  seven  b ranches :  

Reliabil i ty -Maintainabili ty Engineer ing 
Quality A s s u r a n c e  Engineer ing 
A c cepta  nc e Tes t ing  
E nvi r o nme ntal  Labor  a t  o r y 
Inspection 
Vendor Quality Con t ro l  
Planning and  Development ,  

The  functions of the first four  of t hese  b r a n c h e s  a r e  d e s c r i b e d  in  t h e  following 
pages .  

Rel iabi l i ty  -Maintainabili ty Engineer ing B r a n c h  

The  Reliabil i ty-Maintainabili ty Engineer ing  Branch  is the  organiza t ion  
which defines p l ans ,  and  d i r e c t s  the Appara tus  Division re l iab i l i ty  a n d  
maintainabi l i ty  p r o g r a m .  T h i s  branch  is respons ib le  f o r  technica l  suppor t  
a n d  d i rec t ion  of all re l iab i l i ty  -maintainabili ty ac t iv i t ies  in  the  division. This 
includes respons ib i l i ty  f o r  init iation of po l ic ies  and  p rocedures ;  for  the 
opera t ion  of a f a i l u r e  r epor t ing ,  ana lys i s ,  and  c o r r e c t i v e  ac t ion  s y s t e m ;  f o r  
re l iabi l i ty-maintainabi l i ty  education and  t ra ining;  and  f o r  the development  of 
re l iabi l i ty-maintainabi l i ty  information,  techniques,  and  sk i l l s .  In addi t ion,  
the b r a n c h  provides  spec ia l i s t s  and d i r e c t  suppor t  t o  p ro jec t s  as r e q u i r e d  to  
m e e t  p ro jec t  re l iabi l i ty-maintainabi l i ty  object ives .  The  b r a n c h  is functionally 
organized  in  fou r  groups .  The specif ic  respons ib i l i t i es  of e a c h  of the groups  
a r e  as follows. 
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Sys tems  re l iab i l i ty .  -The pro jec t  re l iab i l i ty  engineer  is the technica l  
spec ia l i s t  a s s igned  to  a p ro jec t  who is fundamental ly  respons ib le  f o r  defining, 
planning,  and  execut ing a rel iabi l i ty  p r o g r a m  tha t  m e e t s  the r e q u i r e m e n t s  of 
m i l i t a r y  and /  or  c u s t o m e r  spec i f ica t ions .  He is  thoroughly sk i l led  i n  re l iab i l i ty  
engineer ing  techniques including re l iab i l i ty  m o d e l s ,  p red ic t ion ,  a l loca t ion ,  
c i r c u i t  s t r e s s  a n a l y s i s ,  to le rance  a n a l y s i s ,  f a i lu re  effects  ana lys i s ,  redundancy ,  
a c c e l e r a t e d  a n d  safe ty- fac tor  tes t ing,  p a r t  and  s y s t e m  qualification p r o c e d u r e s ,  
and  rel iabi l i ty  demonst ra t ion  methods.  

Af t e r  analyzing s y s t e m  rel iabi l i ty  specif icat ions and  equipment  p e r f o r  - 
m a n c e  r e q u i r e m e n t s ,  the rel iabi l i ty  engineer  wi l l  devise  a p r o g r a m  plan which 
wi l l  achieve the  d e s i r e d  rel iabi l i ty  goa l s .  The  plan wil l  l i s t  a number  of t a s k s  
which m u s t  be accompl i shed  to  sat isfy p ro jec t  re l iabi l i ty  predict ion,  s t r e s s  
a n a l y s i s ,  t radeoff  s tud ie s ,  design r ev iew,  e t c .  T h e  comple ted  re l iab i l i ty  plan,  
and  any  subsequent  changes ,  mus t  be approved  by the pro jec t  eng inee r ,  the 
re l iab i l i ty  engineer ing b ranch  m a n a g e r ,  and ,  usual ly ,  by the c u s t o m e r .  

The re l iab i l i ty  engineer  moni tors  the p e r f o r m a n c e  of h i s  p r o g r a m  t a s k s  
a n d  works  to r e so lve  any  problems which m a y  a r i s e .  His no rma l  channel  of 
au thor i ty  is through the  p ro jec t  engineer  o r  by delegat ion of the p ro jec t  
engineer .  Any d i sag reemen t  which cannot be  r e so lved  by the p ro jec t  engineer  
a n d  the rel iabi l i ty  engineer  wil l  be r e f e r r e d  t o  higher  au thor i ty  in t h e i r  
r e spec t ive  depa r tmen t s .  The rel iabi l i ty  engineer  wil l  keep  the p ro jec t  engineer  
i n fo rmed  as  t o  p r o g r e s s ,  p rob lems ,  and  any  o the r  m a t t e r s  r e l a t ed  to  the 
re l iab i l i ty  p r o g r a m  and  the success  of the p ro jec t .  He wi l l  r e p r e s e n t  the  
p ro jec t  t o  the c u s t o m e r  in all m a t t e r s  per ta in ing  t o  re l iabi l i ty .  He wil l  e s t a b l i s h  
l ia i son  with the  c u s t o m e r ' s  re l iabi l i ty  r e p r e s e n t a t i v e s  and  wi l l  a s s u m e  the 
task of satisfying the i r  r eques t s  and of keeping t h e m  in fo rmed  i n  documented 
re l iab i l i ty  r e p o r t s .  

Sys t ems  maintainabili ty.  -The p ro jec t  maintainabi l i ty  engineer  is the  
technica l  spec ia l i s t  (ass igned  t o  a pro jec t )  who is fundamental ly  respons ib le  
f o r  defining, planning, and  executing a maintainabi l i ty  p r o g r a m  plan that 
m e e t s  the r equ i r emen t s  of mi l i t a ry  a n d / o r  c u s t o m e r  spec i f ica t ions .  He e n s u r e s  
tha t  maintainabi l i ty  pr inc ip les  in  g e n e r a l  a n d  those  spec i f ied  by the c u s t o m e r ,  
in  p a r t i c u l a r ,  a r e  incorpora ted  into the design.  He p e r f o r m s  the maintainabi l i ty  
ana lys i s  of the  equipments  and  specif ies  o r  d e t e r m i n e s  the quali tative a n d  
quantitative r e q u i r e m e n t s  of the s y s t e m  o r  s u b s y s t e m .  

Reliabil i ty -Maintainabili ty Studies Group.  -The Rel iabi l i ty-Maintainabi l i ty  
Studies  Group is r e spons ib l e  f o r  ga ther ing  and  d isseminat ing  informat ion  
throughout  the divis ion regard ing  reliabil i ty/maintainabili ty techniques and  
p ro jec t  re l iab i l i ty  expe r i ences .  This group manages  the divis ion fa i lure  
repor t ing  s y s t e m  and  main ta ins  a c e n t r a l  f i l e  of f a i lu re  data  and statistics. 
The  divis ion s t a n d a r d s  labora tory  is a lso under  the  supe rv i s ion  of this  group.  
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Parts and  Mate r i a l s  Group. -This g roup  provides  informat ion  a n d  
s e r v i c e s  to  p ro jec t s  concerned  with component  p a r t s  a n d  m a t e r i a l s .  It is 
composed  of the  following sec t ions .  

P a r t s  engineer ing:  Component p a r t s  s p e c i a l i s t s  i n  th i s  g roup  provide  
a c e n t r a l  s o u r c e  for  p a r t s  re l iabi l i ty  da ta ,  p r e f e r r e d  parts l i s t ,  p a r t s  
qualification, p rocuremen t  and  screening  spec i f ica t ions ,  appl icat ion c r i t e r i a ,  
a n d  f a i lu re  ana lys i s  a s s i s t a n c e .  

Standards:  An engineer ing function respons ib le  f o r  t he  e s t ab l i shmen t  
of s tandard iza t ion  p r a c t i c e s  for p a r t s  a n d  materials used  in  Appara tus  
equipment .  These  e f fo r t s  a r e  d i r ec t ed  t o  s e l e c t ,  and  urge  the  use  of, s t a n d a r d  
p a r t s  taking into cons idera t ion  the i r  c o s t ,  de l ive ry ,  a n d  quality h is tory .  

Failure Analysis  L a b o r a t o r y / P a r t s  and  Mate r i a l s  Qualification a n d  
Evaluat ion Labora tory :  The Fa i lure .  Analysis  Labora to ry  is equipped for 
t e s t ing ,  examining,  and  analyzing fai led p a r t s .  P r e c i s i o n  tools  f o r  probing,  
cut t ing,  a n d  microsec t ion ing  s m a l l  p a r t s  are provided.  Photographic  docu-  
menta t ion  is a f fo rded  with a Po la ro id  indus t r i a l  c a m e r a  and  mic roscope .  
The  Parts and  Mate r i a l s  Qualification a n d  Evaluat ion L a b o r a t o r y ' s  function 
is to assist the p a r t s  eng inee r s  in the evaluat ion of p a r t s  a n d  m a t e r i a l s  t o  be  
u s e d  by  the Appara tus  Division. 

Quality A s s u r a n c e  Engineer ing Branch  

Quality A s s u r a n c e  Engineer ing Branch  (shown in  F i g u r e  B-2) is 
r e spons ib l e  fo r  technica l  suppor t  t o  the  e n t i r e  depa r tmen t ,  as  wel l  as to  
p r o j e c t  engineer ing and  manufactur ing funct ions as  r equ i r ed .  A divis ion-level  
staff ac t iv i ty ,  th i s  b r a n c h  is respons ib le  for  de t e rmin ing  c u s t o m e r  quali ty 
r e q u i r e m e n t s  f o r  each  pro jec t  as  de r ived  f r o m  a purchase  o r d e r  o r  o ther  
con t r ac tua l  specif icat ion.  The  Quality A s s u r a n c e  Engineer ing  Branch  imple -  
m e n t s  t hese  r equ i r emen t s  into a quality a s s u r a n c e  plan through inspect ion 
ins t ruc t ions ;  test planning and  methods;  and  quality consul ta t ion with p ro jec t  
r e p r e s e n t a t i v e s ,  c u s t o m e r  a n d  suppl ier  r e p r e s e n t a t i v e s ,  a n d  inspect ion and  
t e s t  personnel .  The  e f fec t iveness  of the quali ty a s s u r a n c e  plan is a l s o  
moni tored  by the cognizant quality a s s u r a n c e  eng inee r ,  who is r e spons ib l e  
f o r  its p e r f o r m a n c e  in guaranteeing the  c u s t o m e r ' s  sa t i s fac t ion .  

Ma nufa c t u r i ng Quality C o nt r ol  B r a nc h . - The  Man uf a c t u r  i ng Qua 1 i ty 
Con t ro l  Branch  is respons ib le  f o r  al l  inspect ion of pa r t i a l ly  comple ted  sub-  
con t r ac t ed  i t e m s ,  f ab r i ca t ion  and  a s s e m b l y  in -p rocess  and  acceptance  
inspect ion,  and  packing inspection. A l so ,  the respons ib i l i t i es  of th i s  b r a n c h  
include tooling inspect ion,  gage  inspect ion and con t ro l ,  and  materials r ev iew 
a n d  disposi t ion of manufac tu red  products .  
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Acceptance T e s t  Branch .  -The Acceptance  T e s t  B r a n c h  p e r f o r m s  o r  
w i t n e s s e s  functional acceptance  tes t ing  of a product ,  including uni ts ,  equip-  
m e n t s ,  and  comple te  s y s t e m s ,  and  a l s o  ma in ta ins  the  quali ty a s s u r a n c e  
functional t e s t  file. Funct ional  tes t ing includes de ta i led  individual,  s a m p l e ,  
and  l ife t e s t s  specif ied by the p ro jec t  engineer  t o  e n s u r e  confo rmance  t o  all 
appl icable  drawings and  specif icat ions.  The  funct ional  t e s t  f i l e ,  i n  addi t ion 
to acceptance  t e s t  da t a ,  a l s o  includes re l iab i l i ty  h i s t o r y  da ta  on e a c h  unit. 

Envi ronmenta l  Labora to ry .  -The Env i ronmen ta l  Labora to ry ,  a b r a n c h -  
l eve l  operat ion,  equips and  main ta ins  Appara tus  Division envi ronmenta l  t e s t  
f ac i l i t i e s .  It is respons ib le  for  the planning and  p e r f o r m a n c e  of all env i ron -  
m e n t a l  t es t ing  to  e n s u r e  tha t  p roducts  conform to  all appl icable  env i ronmen ta l  
spec i f ica t ions .  
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APPENDIX C 

PREDICTED E F F E C T S  O F  STERILIZATION FOR THE DESIGN, 
DEVELOPMENT AND PRODUCTION O F  A SPACE PROBE ALTIMETER 

SUMMARY 

Standard p a r t s  will be se l ec t ed  f r o m  c u s t o m e r  supplied p a r t s  l i s t .  
Nonstandard p a r t s  and cus tom designed p a r t s  will  use  m a t e r i a l s  and p r o c e s s e s  
which produce a s t e r i l i zab le  par t .  No re l iab i l i ty  p rob lems  a r e  an t ic ipa ted  due 
to the s t e r i l i za t ion  r equ i r emen t .  

INTRODUCTION 

Texas Ins t ruments  Incorporated has  been engaged by the National 
Aeronaut ics  and Space Adminis t ra t ion,  Langley R e s e a r c h  Center  (NASA, 
L R C )  to p e r f o r m  a s tudy to define the design of a space  probe a l t i m e t e r .  
This  ana lys i s  has  been p repa red  in r e sponse  to P a r a g r a p h  4 .  2 . 2  of 
Statement-of-Work f o r  Study to Define the Design of a Space P r o b e  Al t ime te r  
L-6050, dated 19 August 1965, and p r e p a r e d  by Langley R e s e a r c h  Cen te r ,  
Lan gle y Station, Hamp ton, Vi r gini a. 

The ana lys i s  d i s c u s s e s  the t e m p e r a t u r e  l imi ta t ion  and the suscept ib i l i ty  
to chemica l  damage  by  ethylene oxide (ETO)  of each  p a r t  o r  m a t e r i a l  p roposed  
in  the r a d a r  a l t i m e t e r .  

CONCLUSIONS 

It is p red ic t ed  tha t  the r ada r  a l t i m e t e r  wil l  not  i ncu r  damage  because  
of subject ion t o  s t e r i l i za t ion ,  as spec i f ied  in J P L  Specification VOL-50503-ETS,  
dated 1 2  J a n u a r y  1966. However, i t  w i l l  be n e c e s s a r y  to take e x t r e m e  c a r e  
in  se lec t ing  m a t e r i a l s ,  o r  protect ive coa t ings ,  which a r e  r e s i s t a n t  to oxidation 
by  ETO.  
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ANALYSIS O F  PARTS AND MATERIALS COMPLEMENT 

The s te r i l i za t ion  r equ i r emen t s  a r e  spec i f i ed  in J P L  Specification 
VOL-50503-ETS, dated J a n u a r y  1966 and  t i t led: 

a. 
b .  
c .  

Environmental  Specification Voyager Capsule  Fl ight  
Equipment Type Approval and  Fl ight  Acceptance T e s t  
P r o c e d u r e s  f o r  the Heat  S te r i l i za t ion  and  Ethylene Oxide 
De contamination Envi r onment  s . 

The suscept ibi l i ty  of p a r t s  and m a t e r i a l s  to each  of the two envi ronments  
wil l  be d iscussed  sepa ra t e ly .  

He a t  S te rili z a tion 

It is a known fac t  that  high t e m p e r a t u r e s  tend to weed out weak o r  
defective e lec t ronic  p a r t s .  Such t e m p e r a t u r e  s t r e s s e s  a r e  used  in p a r t s  
conditioning o r  sc reening .  However ,  p a r t s  defec ts  m a y  range f r o m  minute  
to m a j o r  defec ts .  T h e r e f o r e ,  i t  is not  l ike ly  tha t  all defec ts  will  be r e m o v e d  
dur ing  screening .  T h e r e  is a s m a l l  probabi l i ty  that  s o m e  p a r t s  wil l  fail 
dur ing  t h e r m a l  s te r i l i za t ion .  The design p rob lem is to keep this probabi l i ty  
of f a i lu re  a t  a negligibly low leve l .  

The max imum t e m p e r a t u r e  spec i f ied  above is 135°C.  Most components ,  
semiconductors  in p a r t i c u l a r ,  a r e  p rocessed  a t  h igher  t e m p e r a t u r e s  dur ing  
the n o r m a l  manufactur ing opera t ions .  

A m a j o r  effort  a t  J P L  has  been  concerned  with hea t  s t e r i l i za t ion .  Many 
types of p a r t s ,  se lec ted  f r o m  the JPL p r e f e r r e d  p a r t s  l i s t ,  have been 
eva lua ted  in  the t h e r m a l  s t e r i l i za t ion  envi ronment .  

The insulat ion r e s i s t a n c e  of ce r t a in  t e s t  spec imen  groups  of capac i to r s ,  
of so l id  tantalum d i e l e c t r i c ,  showed a d e c r e a s e  by a f ac to r  of 1 0  a s  a r e s u l t  
of s t e r i l i za t ion .  These  gene ra l ly  r e c o v e r e d  dur ing  100 hour s  of subsequent  
l ife t e s t  a t  r a t ed  DC voltage and t e m p e r a t u r e .  But dur ing  this r e c o v e r y  per iod ,  
s e v e r a l  ca tas t rophic  f a i l u r e s  o c c u r r e d  in  one of the t e s t  g roups ,  whose 
insulat ion r e s i s t ance  was a f fec ted  by s t e r i l i z a t i o n ;  w h e r e a s ,  the f i r s t  c a t -  
a s t roph ic  fa i lures  of the t e s t  g roups  unaf fec ted  by s t e r i l i za t ion  o c c u r r e d  a f t e r  
4000 h o u r s .  It is  understood tha t  a r e t e s t  of so l id  tan ta lum capac i to r s  is 
being made  by J P L .  



Chemical  Ste r i l iz  ation 

Chemica l  s t e r i l i za t ion  makes  use  of e thylene oxide (ETO) gas .  The 
composi t ion of the decontaminating agent  is  spec i f ied  to contain 12 pe rcen t  
E T 0  and 88 pe rcen t  dichlorodif luromethane ( F r e o n  1 2  o r  Genetron 1 2 )  by 
weight.  It is understood that  a p r o g r a m  of s ignif icant  propor t ions  is to be 
in i t ia ted  by  J P L  to s tudy the effects  of E T 0  on e l ec t ron ic  p a r t s .  The r e s u l t s  
of this p r o g r a m  wil l  be followed c lose ly .  

PLANNED RELIABILITY P R O  GRAM ACTIVITIES 

Standard p a r t s  and m a t e r i a l s  will be se l ec t ed  f r o m  NASA o r  JPL 
p r e f e r r e d  p a r t s  and m a t e r i a l s  l i s t .  The capabi l i ty  of these  p a r t s  and m a t e r i a l s  
to withstand the s t e r i l i za t ion  environment  will  be ver i f ied .  

The R F  building block will be the m a j o r  nons tandard  pa r t .  The s t e r i l i z a -  
tion envi ronment  is cons ide red  a m a j o r  p a r a m e t e r  during i t s  p r e s e n t  evolution 
and  will  continue to  be s o  through the a l t i m e t e r  p r o g r a m .  

Other  nons tandard  p a r t s  w i l l  be ident ica l  to s t a n d a r d  p a r t s  re la t ive  to 
m a t e r i a l s  and p r o c e s s e s .  The capabili ty of these  p a r t s  to withstand the 
s t e r i l i za t ion  envi ronment  wil l  also be ver i f ied .  

Ster i l izat ion wil l  be cons idered  in  all design rev iews .  J P L  and o ther  
p r o g r a m s  per ta ining to s te r i l i za t ion  will be moni tored .  
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Table C-1 . Tabulation of Poss ib l e  Compatibi l i ty  with P a r t s  
and M a t e r i a l s  Complement  (135°C is Indicated) ,  

S te r i l i za t ion  Envi ronment  

I 1 

P a r t s  and M a t e r i a l s  
Max imum Storage 
T e m p e r a t u r e  " C  1 'I':znt 

1. 

2.  

3 .  

4.  

5. 

6.  

7. 

8. 

9.  

10 .  

11. 

12. 

13. 

14. 

15. 

16. 

In tegra ted  Monolithic C i r c u i t s ,  
s t a n d a r d  p a r t s ,  he rme t i ca l ly  s e a l e d  

Silicon T r a n s i s t o r s  and Diodes,  
he rme t i ca l ly  sea l ed  

Silicon Monolithic o r  d i s c r e t e  component 
chips mounted on s i l icon  o r  c e r a m i c  
s u b s t r a t e  with thin-f i lm pass ive  compo- 
nents  and c i r cu i t ry ,  he rme t i ca l ly  s e a l e d  

R e s i s t o r ,  f ixed, carbon film, Texas 
Ins t ruments  type CG, he rme t i ca l ly  s e a l e d  

R e s i s t o r ,  f ixed, me ta l  film, IRC types 
CCM, CCA, CCB 

R e s i s t o r s ,  f ixed,  carbon composi t ion 
ABC types,  CB,  EB, GB 

R e s i s t o r ,  f ixed, wirewound DA1 type AGS 

R e s i s t o r ,  va r i ab le ,  wirewound Bourns 
type 224 

R e s i s t o r ,  va r i ab le ,  carbon composi t ion,  
Bourns type 3051 

Capaci tor ,  f ixed, tantalum, Sprague 3 50D 

Capaci tor ,  f ixed, tantalum, Sprague MIL 
s ty le  C L  14 and C L  16 

Capaci tor ,  f ixed,  m i c a ,  E lemnco  type DM 

Solders  and Bonding M a t e r i a l  ( to  be 
s e l e c t e d )  

Quar t z  f requency cont ro l  c r y s t a l s  

Teflon o r  Silicon 

Glas s  base  pr in ted  c i r cu i t  boa rds  

150 

175-200 

175 

175 

165 

150 

27 5 

175 

150 

1 5 0 ::: 

175 

150 

> 150 

175 

> 200 

> 150 
~______ ~~ ~ 

.e, *,- 

Leakage c u r r e n t  wil l  be i n c r e a s e d  but Sprague s t a t e s  that  i t  wi l l  
r e t u r n  to n o r m a l  a f t e r  the t e m p e r a t u r e  is reduced  and  r a t e d  vol tages  a r e  
appl ied.  
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Table C-1. Tabulation of Poss ib l e  Compatibi l i ty  with P a r t s  
and Mate r i a l s  Complement  (1 35"  C is Indicated) ,  

Ste rili z a t i  on Envi r onmen t ( Continue d )  

Maximum Storage  
T e m p e r a t u r e  "C  

P a r t s  and Mate r i a l s  
E T 0  

To le ran t  

17. Sil icon potting m a t e r i a l  > 200 Yes 

18. Copper  and copper  a l loys > 200 no 

19. Si lver  and s i l v e r  a l loys  > 200 no 

20. Magnesi'um and magnes ium a l loys  > 200 no 

21. M e r c u r y  and m e r c u r y  alloys > 200 no 

22. I ron  o r  s t e e l  containing r u s t  > 200 no 

- no 23. Anhydrous ch lor ides  of i ron ,  t in,  
a luminum 
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PROCEDURE TITLE 

FAILURE ANALYSIS AND REPORTING ISSUED 2/20/64 N0.18-8 

SUPERSEDES . I PAGE 1 I 
1 .  

2 .  

3 .  

4. 

5. 

PURPOSE 

T o  define the method f o r  report ing on f a i l u r e s ,  and  the ana lyses  of p a r t s ,  
a s s e m b l i e s ,  and  s y s t e m s  that  d o  not p e r f o r m  t o  spec i f ica t ions .  

ORGANIZ A TION AL UNITS AFFECTED 

Appara tus  - Dal las  

SCOPE 

Th i s  p rocedure  will be followed on all product ion con t r ac t s  in which "hardware"  
is de l ivered  t o  a cus tomer .  However,  development  p ro jec t s  m a y  pa r t i c ipa t e  
in  th i s  p r o g r a m  if  d e s i r e d  o r  if specif ied by con t r ac t .  

Except ions to  th i s  p r o c e d u r e  mus t  be m a d e  i n  wri t ing to  the m a n a g e r  of the 
Quality and Rel iabi l i ty  Assu rance  depa r tmen t .  

GENERAL 

Analys is  of p a r t s ,  a s s e m b l i e s ,  and s y s t e m s  fai l ing t o  m e e t  pe r fo rmance  
specif icat ions is e s sen t i a l  i n  o rde r  t o  continuously produce  re l iab le  products .  
Th i s  p rocedure  enables  engineer ing,  manufactur ing,  and quality a s s u r a n c e  
depa r tmen t s  t o  recognize  the effect  t he i r  ac t iv i t i e s  have on product  re l iab i l i ty  
and  the method f o r  taking co r rec t ive  ac t ion  on i t e m s  that  fail. 

REPORTING FAILURES 

5. I Qualitv A s s u r a n c e  ReDort 

The Quality A s s u r a n c e  Report  (QAR), TI-3907, a t tachment  A,  is ini t ia ted 
f o r  a s s e m b l i e s  o r  s y s t e m s  tha t  fail dur ing  acceptance  o r  opera t iona l  
tes t ing . 
The QAR is comple ted  by the p e r s o n  d iscover ing  that  a n  equipment  
has  fa i led ;  this  includes p e r s o n s  f r o m  Quality A s s u r a n c e  T e s t ,  the  
cognizant p ro jec t ,  o r  any respons ib le  and  knowledgeable wi tness  to  
the t rouble .  

The QAR f o r m  s t a t e s  the symptoms  and  conditions of f a i lu re ,  the 
d iagnos is ,  and a descr ip t ion  of r e p a i r ,  r ep lacemen t ,  o r  ad jus tment  
n e c e s s a r y  to  m a k e  the equipment r eady  fo r  r e t e s t ing .  
complet ing the f o r m  a r e  shown in  a t tachment  A. 

Deta i l s  f o r  
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PROCEDURE TITLE 

FAILURE ANALYSIS AND REPORTING 

5.2 

5 . 3  

SECTION QUALITY ASSURANCE 

ISSUED 2 /20 /64  NO. 18-8  

1 SUPERSEDES I PAGE 2 I 

F a i l u r e  Report  

The  F a i l u r e  Repor t ,  TI-3908, a t tachment  B, is ini t ia ted by the F a i l u r e  
Analys is  Labora tory .  

The completed f o r m  s t a t e s  the condition of t he  p a r t ,  a p p a r e n t  cause  of 
f a i l u r e ,  and a n y  per t inent  comment s  that m a y  be of value to  the r e spons ib l e  
p ro jec t .  

Deta i l s  f o r  completing the f o r m  a r e  shown in  a t t achmen t  B.  

Assembly  & T e s t  P a r t s  Hold Envelope 

The Assembly  & T e s t  P a r t s  Hold Envelope,  TI-3909, a t tachment  C ,  
ident i f ies  and p r o t e c t s  p a r t s  rep laced  in  a s s e m b l y  and t e s t  a r e a s .  
l a r g e  p a r t s  the envelope is  a t tached  t o  the p a r t .  

The f o r m  is or ig ina ted  by the p e r s o n  rep lac ing  the pa r t ,  i n  acco rdance  
with ins t ruc t ions  shown in  a t tachment  C. 

On 

NOTE: Repa i r ab le  a s s e m b l i e s  and f ab r i ca t ed  p a r t s  
a r e  no rma l ly  "tagged" with a n  Inspect ion Hold 
Tag ,  TI-5548, and a r e  not included i n  the 
f a i l u r e  ana lys i s  p r o g r a m .  

6 .  ROUTING O F  DOCUMENTS AND PARTS 

Routing of Quality A s s u r a n c e  Repor t s  and p a r t s  f r o m  Quality Assu rance  T e s t  
through the F a i l u r e  Analys is  L a b o r a t o r y  and the p ro jec t  is shown in  a t tachment  
D. 

Routing of Assembly  & T e s t  P a r t s  'Hold Envelopes f r o m  the manufac tur ing  a r e a  
through the F a i l u r e  Analys is  L a b o r a t o r y  and the  m a t e r i a l  rev iew a r e a  is shown 
in  a t tachment  E. 

Spec ia l  rout ings of documents  may be approved  by the m a n a g e r  of Rel iabi l i ty  
Engineer ing  t o  analyze f a i l u r e s  occur r ing  in  o the r  areas, such  as engineer ing  
l a b o r a t o r i e s ,  field ins ta l la t ions ,  and incoming inspect ion.  

7.  RESPONSIBILITIES 

7. 1 Quality Assu rance  T e s t  

Quality Assu rance  T e s t  is respons ib le  f o r  ini t ia t ing Quality A s s u r a n c e  
Repor t s  when a n  a s s e m b l y  fails to  m e e t  spec i f ica t ions  during acceptance  
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tes t ing.  
r e p a i r e d  a s sembly ,  the completed QAR, and  the rep laced  p a r t s ,  when 
appl icable ,  a r e  r e tu rned  to  Quality A s s u r a n c e  Tes t .  

Retest ing of the r e p a i r e d  a s s e m b l y  will  not begin until  the 

Follow-up copies  of QAR's and the p a r t s ,  wil l  be placed at a QAR col lec-  
t ion point ( to  be de te rmined  by the Manage r  of Quality A s s u r a n c e  T e s t )  on 
the same day  that  the fai led a s s e m b l y  is r e t e s t ed .  

Quality A s s u r a n c e  T e s t  w i l l  f o r w a r d  a Subassembly  Record  (or ig ina ted  
by Sys t ems  T e s t  f o r  each  equipment)  t o  Rel iabi l i ty  Studies  f o r  each  
a s s e m b l y  o r  s y s t e m  del ivered.  
s e r i a l  number ,  manufactur ing sequence  number ,  a s s e m b l y  nomencla ture ,  
acceptance  t e s t  hour s ,  and a compilat ion of QAR numbers  i s sued  aga ins t  
e a c h  a s s e m b l y  l i s t ed  on the r e c o r d .  

The r e c o r d  wil l  show the de l ive ry  da te ,  

7.2 F a i l u r e  Analys is  Labora to ry  

7.2.1 P r o c e s s i n g  Quality A s s u r a n c e  Repor t s  I 
The F a i l u r e  Analysis  Labora to ry  is respons ib le  f o r  col lect ing 
daily,  the p rocessed  QAR's f r o m  Qual i ty  A s s u r a n c e  Test. 

All QAR's,  with p a r t s  a t tached ,  w i l l  be  analyzed within 48 
hours  a f t e r  rece ip t  and fo rwarded  t o  the respons ib le  p ro jec t ,  
with a completed F a i l u r e  Repor t .  
if spec ia l  t es t ing  is r e q u i r e d  and a longer  time per iod  is 
necessa ry .  

The P r o j e c t  is notified 

Quality Assu rance  Repor t s ,  with no p a r t s  a t tached ,  are 
fo rwarded  t o  the respons ib le  p r o j e c t  immedia te ly  by the 
labora tory .  

7.2.2 P r o c e s s i n g  Rejected Parts F r o m  A s s e m b l y  A r e a s  

The F a i l u r e  Analysis L a b o r a t o r y  wil l  r ece ive  all r e j ec t ed  I p a r t s  dai ly  f r o m  the a s s e m b l y  a r e a s .  
de l ivered  to  the F a i l u r e  Analys is  L a b o r a t o r y  include f r a m e s ,  
ca s t ings ,  c h a s s i s ,  r e f l e c t o r s ,  ca thode- ray  tubes,  and magnet rons .  ) , 

I 

~ 

(Parts not rout inely 

~ 

E a c h  p a r t  de l ivered  t o  the l a b o r a t o r y  wil l  be in  o r  a t tached  to  a 
completed hold envelope, TI-3909. Parts will  be de l ive red  to  
the f a i l u r e  l abora to ry  by Dispatching and will  be s o r t e d  by p ro jec t .  

~ 
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The l abora to ry  will  s e l e c t  p a r t s  f o r  examinat ion acco rd ing  to: 

1. Where  the p a r t  was  r e j ec t ed .  Only those  
f r o m  manufactur ing t e s t  a r e  no rma l ly  examined .  

2 .  Whether o r  not the p a r t s  c a m e  f r o m  a par t ic ipa t ing  
p ro jec t .  

3.  The type of re jec t ion .  P a r t s  obviously damaged 
in  handling a r e  not examined.  

4.  Whether o r  not the ident i f icat ion of the p a r t  is suff ic ient  
to  make  a worthwhile a p p r a i s a l  of the t rouble .  

P a r t s  rece ived  f r o m  the a s s e m b l y  a r e a s  and examined will  be 
forwarded  to the m a t e r i a l  review a r e a  within 72 hour s .  
a r e  notified if spec ia l  t es t ing  is r equ i r ed  and a longer  t ime  per iod  
i s  n e c e s s a r y .  
m a t e r i a l  review a r e a  dai ly .  

P r o j e c t s  

P a r t s  not s e l ec t ed  f o r  ana lys i s  a r e  sen t  to the 

F a i l u r e  Repor t s  a r e  completed on p a r t s  examined and routed a s  
defined in a t tachments  B and E. 

Monthly, the l a b o r a t o r y  will  s u m m a r i z e  findings on p a r t s  examined 
and submit  a r e p o r t  t o  the par t ic ipa t ing  p r o j e c t s  and the m a n a g e r  
of Reliabil i ty Engineer ing.  

Rel iabi l i tv  Studies 

Per iodica l ly ,  Rel iabi l i ty  Studies  will co l lec t  Subassembly  Records ,  QAR's ,  
and F a i l u r e  Repor t s ,  and p r e p a r e  a re l iab i l i ty  r e c o r d  on each  i t e m  de-  
l i ve red  to  the c u s t o m e r .  

Chargeable  f a i l u r e s  will  be de t e rmined  and ver i f ied  with the respons ib le  
p ro jec t .  Also,  a r e c o r d  of observed  mean- t ime-be tween-fa i lures  (MTBF)  
on p a r t s  will  be kept by Rel iabi l i ty  S tudies ;  the r e c o r d s  will  be made  
avai lable  to the respons ib le  p r o j e c t s .  

Rel iabi l i ty  Studies will  review the ' c o r r e c t i v e  ac t ion '  port ion of each  
completed F a i l u r e  Repor t  and will f o r w a r d  per t inent  information to the 
F a i l u r e  Analysis Labora to ry .  

Par t ic ipa t ing  Pr oje c t s 

The par t ic ipat ing p ro jec t s  wil l  p r o c e s s  copies  of the QAR and F a i l u r e  
Repor t  as follows: 

. 
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I SECTION QUALITY ASSURANCE I 
I ISSUED 

SUPERSEDES I PAGE I 
(1) F a i l e d  Part Involved - P r o j e c t  wil l  f i r s t  comple te  ' c o r r e c t i v e  

ac t ion '  port ion of F a i l u r e  Repor t ,  r e t a in  white copies  of both 
QAR and F a i l u r e  Repor t  and  send  the c a n a r y  copy of F a i l u r e  
Repor t  t o  Rel iabi l i ty  S tudies .  P i n k  copy of QAR is des t royed .  

(2) F a i l e d  Part Not Involved - P r o j e c t  r e c e i v e s  white copy of QAR 
f r o m  F a i l u r e  Analysis  L a b o r a t o r y ,  which ind ica tes  that r e p a i r  
is complete .  Pink copy of QAR is des t royed .  

The  p ro jec t  engineer  par t ic ipat ing in  the f a i l u r e  ana lys i s  and r epor t ing  
p r o g r a m  is respons ib le  f o r :  

1. Ins t ruc t ing  pro jec t  m e m b e r s  in  the opera t ion  of the p r o g r a m .  

2. Complet ing and forwarding  f a i l u r e  r e p o r t  f o r m s  as d e s c r i b e d  
in  th i s  procedure .  

3. Provid ing  rel iabi l i ty  s tud ies  with a n  up-to-date p a r t s  l i s t  
f o r  e v e r y  a s s e m b l y  involved in  the p r o g r a m .  

8. REPORTING ON MAINTAINABILITY 

When requ i r ed  by cont rac t ,  Quality A s s u r a n c e  T e s t  will  ini t ia te  a n  Equipment  
Maintenance Repor t  (EMR) TI-6486, f o r  e a c h  Quality A s s u r a n c e  Repor t  i s s u e d  
on a s s e m b l i e s  o r  s y s t e m s  that fail dur ing  accep tance  o r  operat ional  tes t ing  t o  
assist the maintainabi l i ty  engineer  i n  de t e rmin ing  a mean- t ime- to-  r e p a i r  on 
TI products .  

Detailed ins t ruc t ions  on completing the f o r m  a re  shown in  a t tachment  F. 

/' J.  F R E D B U C Y  
Vice P r e s i d e n t  
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QUALITY ASSURANCE 
S tanda rd  P r o c e d u r e  18-8  
At tachment  C 
Issued:  20 F e b r u a r y  1964 . . 

TI PART NO. . . . . . 
REFERENCE DESIGNATOR . 

QUALITY ASSURANCE TEST R E P O R T  
NUMBER WHEN P A R T  ENCLOSED 
HAS B E E N  R E P L A C E D  TO CORRECT 
MALFUNCTIONING O F  EQUIPMENT ASSEMBLY Ut TEST PARTS 

COMMON NAME O F  P A R T  R E P L A C E D  

DRAWING & DASH NUMBER 

HOLD TAG 
TEXAS INSTRUMENTS INCORPORATED 

APPARATUS DIVISION 

QA TEST REPORT NO. . . 
/ NAMEOFPART - 

ESTABLISHES LOCATION O F  
P A R T  IN CIRCUIT 

It( 

ASSEMBLY DESIGNATION . - FORMAL NOMENCLATURE O F  
ASSEMBLY PRODUCING PART 

SEQUENCE NUMBER OF 
NOMENCLATURED ASSEMBLY 

MFG. SEQUENCE NO. . . 
PROJECT IDENTIFICATION . 

COMMON NAME O F  P R O J E C T  

REJECT LOCATION , . . 
REI ON WOor  EO . . . 
DATE I] ORIGINATOR 

SUCH AS - AS-1492 

SUCH AS APS-88A 

ACTIVITY DECLARING P A R T  
A R E J E C T  - SUCH AS U. T. 

MEW ?ARl 

FAILURE 
OK 

DISPOSITION: SCRAP 1-1 REWORK 

RETURN TO VENDOR I] 

‘s 

s 

‘ODE I’ ‘WORK OR ENGINEERING ORDER 
ASSIGNED TO P R O J E C T  

P A R T  
NAME O F  PERSON REPLACING \ USE AS IS I] 

MFG. ENG. DATE 
PROJ. ENG. DATE 

DATE QA ENG. 
OTHER DATE 

U 

INSTRUCTIONS 
1. Complete all blocks in first section, use 

NA for “Not Applicable.” 
2. *Use one tag for each part except when 

identical from same reference designator 
in same assembly. 

3. Describe symptoms or discrepancy on 
reverse side of tag. 

TI- 3909 
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QUALITY ASSURANCE 
Standard  P r o c e d u r e  18- 8 
Attachment  F 
Issued:  20 F e b r u a r y  1964 

i O A R  N U M B E R  @ r -- 
EQUIPMENT MAINTENANCE REPORT ( EMR) 

ACTIVITY 
INVOLVED @ STEPS IN MAINTENANCE OF EQUIPMENT 

VLRIFICAI  ON OF o~SCREPANCV REPORTED ON OAR 

3 I:OL, 1 -4b TROUBLf AREA TO BOX fl z ! Y  0 PART 

@ L A ~ N ~ N G A C C E S S  To AREA iNDIC*- .  

@ ADJUSTMENT AND'OR 

@ REPAIR AND OR 

i 

- 

@ REMOVAL OF ITEM 

0 REPLACEMENT OF ITEM 

@ REASSFMBLY 

0 TF TEGT BY MAINTENANCE ACTIVITY 

0 RE TEST BY Q A TEST 

@ OTHER STEP DESCRIBE 
- -  I 

I 

@ Typical Activities involved Eng (Engineermg Labsi U T (Manufacturing), 
S T IQ A Test). E A (Electrical Assv 1 ,  M A (Mechanlcol Assemblv) n& TEXAS INSTRUMENTS 

INCORPORATED 

APPARATUS DIVISION 

DALLAS TEXAS 

MAINTENANCE 
REPORT TI-tj.86 

B Data to be entered only for applncable steps 
C White Copy to protect Blue Copy to Q A Test Salmon Copy to 

Manufacturing, and Cherry Card Copy to Reliability Studies 
8 

~ - -  - 
~ ~ - ~ - _ _ _ _ _ ~  _. ~ - ~- ~ _ _  ~~ 

-- __ 
GENERAL INSTRUCTIONS: 

Emr s arc used to cnllect i r format ion on the matntalnability of our products 

w i l l  olwoys be r r l o ted  to a quolity assuronce report IQAR) descrjblng 0 functional foilure occurring durjng acceptance test 

follow the gcnerol routr of QAR 5 as outllned In Std Proc 18 8 

Normally. they WIII be inltmted by quality assurance test and 

Thls form will 

DETAILED INSTRUCTIONS FOR FILLING OUT FORM. 

I OAR numhcr Record number from OAR form TI  3907 
2 Prolect l lse common nome ,uch as APS 88A 
3 Aricmbly The formal nomenclature of functional unit. such as RT 4978 
4 Scr  or Tog No S c r ~ o l  or M f g  Seq number of ossembly recorded in box @ 
5 
4 
7 

8 Adjustment ond or Tlmc token IU ollgn calibrate balance or the like 
9 Rrpair a n d  or Time to rework w c h  os resoldering 

Vrrtf icotion of dcfcct reported on QAR 
ISoIoting trouble areo 

Goining access to defect 
odlustment 

Time token by maintenance octivity to verify symptoms reported 
Tcme rcquired to determine general cause of  symptom check approproate block to rhow area involved 

Time required to c ~ p o r e  trouble so that corrective actlon can be taken In the form of repair replacemen 

I O  Removal of Item Tlmc to rcmnvc item regardless of whether it 1s subsequently reused replaced repalred or odlusted 
I I 
12 
I 3  
I 4  

15 Other step Describe Lcst other steps os nccesmry 
I 6  

I 7  Number of men required Maximum number of men requlred ot ony one time during this step 
I 8  Time Show hours and or minutes 
19 
20 Dote Month day year 

Replacement of item 
Re ossemblv 
Re tcst by mointcnonce octlwry 
Re tL\t by Q A tcst 
to bc lasucd subsequent acceptance test follures tor same symptoms wil l be cause for onltlatlng new OAR & EMR 

Comments o n  maintoinability of item involved 
mointenonce activity or project manager 

Time to replace regordless of whether it i s  new or has been used 
Time to return assembly to a condition suitable for re test 

Time tnvolved In verifying thot assembly 1s functlonlng properly after repair replacement or ad1 mt 
Time involved In verifying that ossembly i s  no longer demonstrating those symptoms that orlglnolly caused OAR 

Statement can be made by a n y  knowledgoble person ond approved by supervisor of  

Clock number Clock number of person responsible for completmg step Inspectton stamp may be used 
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